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ar ound M’ PrigPe comonly referred to as "room tenperature ionic |iquids"
and are often 25 derived fromorganic salts having nitrogen-containing
het erocyclic cations, such as imdazoliumand pyridiniumbased cations. In
roomtenperature ionic liquids, the structures of the cation and anion
prevent the formation of an ordered crystalline structure and therefore the
salt is liquid at roomtenperature. 30 lonic |iquids are nost w dely known
as solvents. Many ionic |liquids have been shown to have negligi bl e vapour
pressure, tenperature stability, low flanmability and recyclability. Due to
t he vast nunmber of anion/cation conbinations that are available it is
p055|ble to flne tune the phy5|cal propertles of the ionic liquid (e.g
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who showed that dicationic anionic |iquid conplexants can be used to
partition Hg(ll) 10 from aqueous salt and acid solutions Prancnitz at al.
(Ind. E 2008, 47, 5080-5086) have shown ons
partition preferentially fromwater into hydrophobic ionic 11quids. PIinto
et al. (US Patent Application 2007/0123660) have shown that the conbi nation
of 15 netal -conpl exi ng |igands and i ol T |l i quids coated onto an inert
support may be used as an adsorbent to renove nmercury from coal conbustion
flue gases (see also Ji et al., Water, Air, & Soil Pollution: Focus 2008,
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30 lonic liquids are most widely known as solvents. Many ionic liquids have been shown to
have negligible vapour pressure, temperature stability, low flammability and recyclability.
Due to the vast number of anion/cation combinations that are available it is possible to

fine-tune the physical properties of the ionic liquid (e.g. melting point, density, viscosity,



5 partition with high selectivity from hydrocarbon fluids into the ionic
liquids. Thius the ionic liquids of the present invention narfarmtha dual
function mercury and providing a capture i sed
mer cury enabl es nercury of all speciatio c> tu wc 1 enoved
from hydrocarbon fluids with high efficiency. 10 The iuvmc liquids used in
the processes of the present i nventi or are sufficiently mld that reaction
of the ionic liquid with the hydrocarbon fluid and/or the hydrocarbon
processi ng/transportation/storage apparatus is avoided. In this regard, it
will b p t t e d
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Pitner, W. R. et al. have described a similar process for dissolving insoluble uranium
oxide (UO,) in which the uranium oxide is oxidised to the soluble species UO.*" in a
mixture of nitric acid and an ionic liquid comprising nitrate anions (in Green Industrial
30 Applications of lonic Liquids, NATO Science Series ll: Mathematics, Physics and
Chemistry, 2003, 92, 209-226, Kluwer Academic Publishers, Dordrecht.). The

dissolution of elemental metals is not described, however.



mer cury-cont ai ni ng hydrocarbon fluids that can be processed according to

the present invention mav comrise from1 nart ner hillion (nnh) of nercury
toine of
nmer cury

10, 000 ppb of nercury, or 5 to 1000 ppb of nmercury. 5 The nercury content
of naturally occurring hydrocarbon fI-fi ds may take a variety of fornms, and
the present invention can be applied to the renoval of elenmental nercury,
particul ate mercury, organic nercury or ionic nercury from hydrocarbon
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t he esent invention, [Cat] may corrprl se a cationic species selected from
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i so-thiadiazolium thiazinium 30 thiazolium iso-thiazolium triazinium
triazolium and iso-triazolium Mre preferably, [Cat] has the formnul a:



wherein: Ra, Rb, Rc, Rd, Re, Rf and Rg are each independently selected from
hydrogen, a Cl to C20, straight chain or branched al kyl aroup, a C3 to C8
cycl oal Re
and Rf 2) g-
wherein g is from3 to 6; and wherein said al kyl, cycloal kyl or aryl groups
or said nethylene chain are unsubsti t®ed or may be substituted by one to
three groups selected from Cl to C6 al koxy, C2 to Cl2 al koxyal koxy, C3 to
C8 cycl oal kyl, C6 to Cl10 aryl, C7 to Cl10 alkaryl, C7 to C10 aral kyI -CN,
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and n-oct adecyl . In the cations conprising an Rg group, Rg is preferably
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to C8 Icloneelwecumdﬁcmhﬁdﬁlahﬂmg meaifed é.belamﬂdl&qu@ﬂneon’n‘alrﬁia?g anergaaayninﬁ:

sel e romCl to C10 | inear or hed. al kyl, nore prefe ., Cl to C5
Fneth %1, B Ha e K gRa/oh RaOren BRaroRdong) WIS R TP BRRUOeVD i ¢ her
pr ef er rpecRRPRAIMEAfocaANdtcRaisTy each be independently sel ected, where
present, fromCl fo C20 linear or 20 branched al kyl and Cl to C15

al koxyal kyl . I'n a further preferred embodi nent, one of Ra and Rg may be
substi t ﬁz% e i

enbodi rlr'gtﬁﬁgewﬁ[gla ‘%Xt% nkgﬂ ] é}’ﬁé’&g?%ﬂl eopren(?jeﬁp%fé I:Qtl(Fc;er](:f\'ltOgeedg (%?é(ﬁ fihn

hydr ogéinstaod t@Ghsition Giethi catians oawbgamodoedjat@hlsjdate chatlleast € pleefrmtalmlayorﬁa Rc,
Rd, ., an are dro en. In this enbodinent of. th entiqn,
G40 el Caniim S avanset But iy GrnGaness, iron covalt Mokel. "

copper and zinc and having an oxidation state of at least +2.

Thus, in accordance with the present invention [M"] may represent one or more metal
cations selected from Sc**, Sc*', Ti*, Ti**, Ti*', V**, v¥, v, v, cr*, cr*, cr*', Cr™,

25 Cr”", Mn*, Mn*, Mn**, Mn®", Mn®, Mn™*, Fe**, Fe**, Fe*", Fe*, Fe®, Co*, Co*, Co",
Co®*, Ni**, Ni**, Ni**, Zn**, Mo**, Mo®*, Mo**, Mo®* and/or Mo®".

In a further preferred embodiment, [M"] may represent a iron cation having an oxidation
state of at least +2, i.e. selected from Fe?*, Fe*', Fe**, Fe® and/or Fe®*. More preferably,

30 [M'] may represent Fe*".



wherein: Ra, Rb, Rb, Rd, Re, Rf, and Rg are as defined above. Still nore
prefera

wherein ly,
[Cat] conprises a cation selected rrom N Ra - - + and -- + ( VRg
N'...) 1 Ra 15wherein:Ra and Rg are as defined above. WO

2012/ 046057PCT/ GB2011/ 051906 - 12 - Nfte preferably, [Cat] conprises a

cation selected from

In a further preferred embodiment, [M*] may represent a copper cation having an
oxidation state of at least +2, i.e. selected from Cu®*, Cu®* and/or Cu**. More preferably,

[M*] may represent Cu?".

5 In a further preferred embodiment, [M*] may represent a molybdenum cation having an
oxidation state of at least +2, i.e. selected from Mo*, Mo*, Mo*", Mo®" and/or Mo®".

More preferably, [M*] may represent Mo®".

In a further preferred embodiment, [M'] may represent a cobalt cation having an
10 oxidation state of at least +2, i.e. selected from Co®*, Co*, Co** and/or Co®. More

preferably, [M*] may represent Co**.

It will also be appreciated that, in certain embodiments, [M*] may represent more than
one metal cation. For instance, [M'] may represent more than one metal cation (i.e. a
15 mixture of cations of different metals, and/or a mixture of cations of the same metal and
having different oxidation states) selected from the preferred groups of cations disclosed

above.

In particularly preferred embodiments, [M*] represents one or more metal cations
20 selected from Fe**, Cu**, Mo®, and Co**. More preferably, [M*] represents one or more

metal cations selected from Fe** and Cu?".
In a particularly preferred embodiment, [M*] represents Fe*.

25 In a further particularly preferred embodiment, [M*] represents Cu®".
One advantage of using one or more metal ions having an oxidation state of at least +2
is that reduction of the metal ion during the oxidation of mercury generally leads to the
formation of a metal ion having an oxidation state of at least +1, thus avoiding the

30 formation of elemental metals as a by-product.

Preferably, the metal ion is selected so as to have an oxidation state of at least +1

following mercury oxidation (for example Cu®* is reduced to Cu*). In this way, the



N Rg Ra b5wherein:Ra and Rg are as defined above. Specific exanples of

preferre 2
used acc
(CF 12)3 3C

N N+ 00, (CH2)20CH3  \/ 10[m M [ C8m n] [ MeOC2m m | n anot her
preferred enbodi nent of the inventi orT,7ICat] conpri ses a saturated
het erocyclic cation selected fromcyclic ammoni um
1, 4-di azabi cycl o[ 2. 2. 2] oct ani um nor phol i nium cyclic phosphoni um

pi per azj, %Wc@%fﬁ gﬂy&réﬁ’ﬁrb&’r"flﬂrdghhgﬂ %}ér’ﬁ éﬁB&&éﬁlé&oﬂa@n%%aw H{Vbre

preferab rises a saturate rocyclic cati
f or mul anvention may comprise from 1 part per billion ( ppb ) of mercury to in excess of 250 OOO

ppb of mercury, for instance 1 to 200,000 ppb of mercury, 1 to 100,000 ppb of mercury, 1
to 50,000 ppb of mercury, 2 to 10,000 ppb of mercury, or 5 to 1000 ppb of mercury.

The mercury content of naturally occurring hydrocarbon fluids may take a variety of
forms, and the present invention can be applied to the removal of elemental mercury,
particulate mercury, organic mercury or ionic mercury from hydrocarbon fluids. In one
preferred embodiment, the hydrocarbon fluid feed comprises at least one of elemental
10 mercury, particulate mercury, or organic mercury. Still more preferably, the hydrocarbon
fluid feed comprises at least one of elemental mercury and organic mercury. Thus, in
one preferred embodiment, the hydrocarbon fluid feed comprises elemental mercury. In

a further preferred embodiment, the hydrocarbon fluid feed comprises organic mercury.

15 The processes of the present invention are particularly suitable for extracting mercury
from hydrocarbon fluids containing more than one type of mercury speciation, for
example two or more types of mercury speciation. In preferred embodiments of the
invention, the hydrocarbon fluid may comprise:

20 i) elemental mercury and inorganic mercury;

ii) elemental mercury and organic mercury;

i) inorganic mercury and organic mercury; or

iv)  all three of elemental, inorganic and organic mercury.

25 The processes of the invention may be used with substantially any hydrocarbon feed
which comprises mercury, and which is liquid or gaseous under the operating conditions

of the process.

As used herein, the term “hydrocarbon” refers to a liquid or gaseous substance
30 containing at least 50 weight percent hydrocarbons, more preferably at least 60 weight
percent hydrocarbons, more preferably at least 70 weight percent hydrocarbons, still

more preferably at least 80 weight percent hydrocarbons, still more preferably at least 90
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weight percent hydrocarbons, and most preferably at least 95 weight percent

hydrocarbons.

Examples of hydrocarbon fluids that may be processed according to the present
invention include liquid hydrocarbons, such as liquefied natural gas; light distillates, e.g.
comprising liquid petroleum gas, gasoline, and/or naphtha; natural gas condensates;
middle distillates, e.g. comprising kerosene and/or diesel; heavy distillates, e.g. fuel oil;
and crude oils. Hydrocarbon fluids that may be processed according to the present

invention also include gaseous hydrocarbons, such as natural gas and refinery gas.

In accordance with the present invention, [Cat’] may comprise a cationic species
selected from: ammonium, benzimidazolium, benzofuranium, benzothiophenium,
benzotriazolium, borolium, cinnolinium, diazabicyclodecenium, diazabicyclononenium,
1,4-diazabicyclo[2.2.2]octanium, diazabicyclo-undecenium, dithiazolium, furanium,
guanidinium, imidazolium, indazolium, indolinium, indolium, morpholinium, oxaborolium,
oxaphospholium, oxazinium, oxazolium, iso-oxazolium, oxothiazolium, phospholium,
phosphonium, phthalazinium, piperazinium, piperidinium, pyranium, pyrazinium,
pyrazolium, pyridazinium, pyridinium, pyrimidinium, pyrrolidinium,  pyrrolium,
quinazolinium, quinolinium, iso-quinolinium, quinoxalinium, quinuclidinium, selenazolium,
sulfonium, tetrazolium, thiadiazolium, iso-thiadiazolium, thiazinium, thiazolium, iso-

thiazolium, thiophenium, thiuronium, triazinium, triazolium, iso-triazolium, and uronium.

In one preferred embodiment of the invention, [Cat’] comprises an aromatic heterocyclic
cationic species selected from: benzimidazolium, benzofuranium, benzothiophenium,
benzotriazolium, cinnolinium, diazabicyclodecenium, diazabicyclononenium,
diazabicyclo-undecenium, dithiazolium, imidazolium, indazolium, indolinium, indolium,
oxazinium, oxazolium, iso-oxazolium, oxathiazolium, phthalazinium, pyrazinium,
pyrazolium, pyridazinium, pyridinium, pyrimidinium, quinazolinium, quinolinium, iso-
quinolinium, quinoxalinium, tetrazolium, thiadiazolium, iso-thiadiazolium, thiazinium,

thiazolium, iso-thiazolium, triazinium, triazolium, and iso-triazolium.
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wherei n
prefera
formul a
-9-
More preferably, [Cat’] has the formula:
B Re o+ B Re 7o+ B Re 1o+
RE | N Re RE ‘ N Re R ‘ N,
1 ! 1 )\ 1
RY |/ Rf RP T/ RP T/ R®
Ra Ra Ra
+ + +
RS R RS R9
RS N R — N/
| / ' Rb \N/N\Rg ! R N/ R !
RY N R® | |
| a Ra
- Ra _ L _ L -
— 0o+ — T+ r 7 o+
RO R? RY R? R®

10

15

20

wherein: R? R® R% RY% R° R'and RY are each independently selected
from hydrogen, a C4 to Cy, straight chain or branched alkyl group, a Cs to Cs
cycloalkyl group, or a Cs to Cyo aryl group, or any two of R®, R%, R, R® and R’
attached to adjacent carbon atoms form a methylene chain -(CH;)s- wherein
g is from 3 to 6; and wherein said alkyl, cycloalkyl or aryl groups or said
methylene chain are unsubstituted or may be substituted by one to three
groups selected from: C; to Ce alkoxy, C, to C4; alkoxyalkoxy, Cs to Csg
cycloalkyl, Cs to Cqo aryl, C; to C4o alkaryl, C; to Cqo aralkyl, -CN, -OH, -SH,
-NO,, -COzR*, -OC(0O)R*, -C(O)R*, -C(S)R*, -CS;R*, -SC(S)R*, -S(0O)(C4 to
Ce)alkyl, -S(O)O(C4 to Celalkyl, -OS(O)(Cq to Cg)alkyl, -S(C1 to Ce)alkyl,
-S-S(C1 to Cs alkyl), -NR'C(O)NR’R?*, -NR*C(O)OR’, -OC(O)NR’R?
-NR*C(S)OR’, -OC(S)NR’R?, -NR*C(S)SR’, -SC(S)NR’R*, -NRC(S)NR’R?,
-C(O)NRYR?, -C(S)NRR?, -NR’R?, or a heterocyclic group, wherein R*, R¥ and

R” are independently selected from hydrogen or C1 to Ce alkyl.

nore
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R? is preferably selected from C1 to Cys, linear or branched, alkyl, more preferably C, to
C+o linear or branched alkyl, still more preferably, C, to Cg linear or branched alkyl, and
most preferably C4 to Cglinear or branched alkyl. Further examples include wherein R% is
selected from methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl,
n-decyl, n-undecyl, n-dodecyl, n-tridecyl, n-tetradecyl, n-pentadecyl, n-hexadecyl, n-

heptadecyl and n-octadecyl.

In the cations comprising an R group, RY is preferably selected from C4 to Cqg linear or
branched alkyl, more preferably, C4 to Cs linear or branched alkyl, and most preferably R?

is a methyl group.

In the cations comprising both an R® and an RY group, R® and R? are each preferably
independently selected from C1 to Cy, linear or branched, alkyl, and one of R® and R®
may also be hydrogen. More preferably, one of R* and R? may be selected from C; to
C+o linear or branched alkyl, still more preferably, C, to Cg linear or branched alkyl, and
most preferably C,4 to Cg linear or branched alkyl, and the other one of R® and RY may be
selected from C4 to C4o linear or branched alkyl, more preferably, C; to Cs linear or
branched alkyl, and most preferably a methyl group. In a further preferred embodiment,
R? and R% may each be independently selected, where present, from C4 to Cy linear or

branched alkyl and C4 to C5s alkoxyalkyl.

In a further preferred embodiment, one of R* and R? may be substituted with hydroxy,

methoxy or ethoxy.

In further preferred embodiments, R, R®, R%, R®, and R are independently selected from
hydrogen and C4 to Cs linear or branched alkyl, and more preferably R°, R, R, R®, and

R"are each hydrogen.

and



10wherein: Re, Rb, Rb, Rd, Re, Rf, and Rg are as defined above. WO
2012/ 046057PCT/ (3B2011/ 051906 - 14 - Also in accordance with this enbodi nent

of t iC
cati

above, Ra is preferably selected fromCl to Cl5, linear or branched, alkyl,
nore preferably C2 to C10 |inear or bl Anched al kyl, still nore 10

preferably, C2 to C8 linear or branched al kyl, and nost preferably C4 to C8
| i near or branched al kyl. Further exanples include wherein Ra is sel ected
from - b H, 1= N 1-octyl,
- monyl e G et PRlRAKYentin, (G Lpr SR Yormpfises s batiorsch it from

n- pent adecyl, n-hexadecyl, n-heptadecyl and n-octadecyl. 15 In the cations
conprising an Rg grodp, Rg is prg_ferably el ected fr Cl to C10 linear or
branched al kyl, nore| pref&rably, 'ClL to C5||ikhear @r branched al kyl, and
nost preferably Rg is.a w Qroup. 20 /0N4’605 PCT/ GB2011/ 051906 - 15
- one of Ra and Rg y e hydrogen. ref/preferably, one of Ra and Rg
may be selected from C2||to C10 |inea "r E h Kyl still nore
preferably, C2 to C8 %2 - branched al kyl, “and st preferably C4 to C8
| inear or branched al kyl, jand the other ope of !Ra and Rg may be sel ect ed
fromCl to C10 |linear or kranched al kyl, re preferably, C1 5 to C5 |linear
or branched al kyl, and nost preferably a nethyl group. In a further
preferred emhodi.nent, a seac e i ndependently sel ected, where
present, frdM%EMto Cé%aﬁl ’H%aﬁgoﬁ%?’ﬁﬁ%gaﬁﬁg LAY 3@?"%0 Cl5al koxyal kyl .
In fugther preferred enbodi nents, Rb, Rb, Rd, Re, and Rf are independently
selected from 10 hydr ogeq and C1 to C5 |inear or branched al kyl, and nore
pr ef er aBillynqgeg preferabiy [Cre] prefrtally camprisae B cayan sglentedifiona further preferred
enbodi nent, Ra may be substituted with hydroxy, nethoxy or ethoxy. 15 In
anot her preferred enbodi nent of the invention, [Cat] conprises an acyclic
cation selected from [N(Ra)( (Rc)(Rd)g] ,*[P(Ra) (Rb) (Rc) (Rd)] +, and

[ S(Ra) (Rb) (Rc)]+, 20 wherein:Ra, , 3«5 nd Rd are each independently
selected froma Cl1 to C20, straight ainjor branched al kyl group, a C3 to
C8 cycl oal kyl group, or a C6 tq CL a,;klw roup; and wherein said alkyl,
cycl oal kyl or aryl groups are umsubsiAtured or may be substituted by one to

three groups selected from Cl1|25to 6 al koxy, C2 to Cl12 al koxyal koxy, C3
to C8 cycloalkyl, C6 to C10 aryl, Cr*to

wherein: R? R* R° RY R R and RY are as defined above.
10

Preferably, [Cat’] comprises a cation selected from:

- O]

15 wherein: R® and RY are as defined above.



C10 al karyl, C7 to C10 aralkyl, -CN, -OH, -SH, -NO2, -CX2Rx, -0C((0)Rx,
C(O)Rx, - < Py - CYPRv - QY < Ry I M1 tn CRY al vl _rMmnNnie1 tn

) al ky yl),
NRxC( 0) NRYRz, -NRxC(0)ORY, -0C(0)NRYRz, -NRxC(S)ORY, -0C(S)NRYRz,

30- NRXC( S) SRY, -SC(S)NRYRz, - NRxC( S) NRYRz, -C(0)NRYRz, -C(S)NRYRz, NRYRz,
or a heterocyclic group, wherein Rx, RY"and Rz are independently sel ected
from hydrogen or Cl to C6 al kyl and wherein one of Ra, Rb, Rc, and Rd nay
al so be hydrogen. WD 2012/ 046057PCT/ GB2011/ 051906 - 16 - Mdre preferably,

[ Cat ] o i QG (Rb) (Re) (Rd) ] +,

[ P(Ra) ?&ﬂ?@ﬁ%@%ﬁggi g%@ﬁélﬁ%%twﬁb%lﬁé\&% Rd are each independently
selected froma Cl to C20 straight chain or branched al kyl group, a C3 to
C6 cycl oal kyl group, or a C6 aryl- group; gnd wherein said al kyl, cycl oal kyl
or aryl groups are unsubstituted |or m;,?’ substituted by one to three
groups selected from Cl to C6 al k : to Cl2 al koxyal koxy, C3 to C8
cycloal kyl, C6 to C10 aryl, C7 tg @ | karyl, C7 to Cl0 aral kyl, -CN,
-OH, -SH -NO2, -CO2Rx, -0C(0)Rx, 0 , -C(S)Rx, -CS2Rx, -SC(9S)Rx,
-S(0)(C1 to CB)al kyl, -S(0)o(C1 t yl, -0S(0)(Cl to C6)al kyl, -S(C
to CG6)alkyl, -S-S(C to C6 al kyl), ”RNRxQ 0) NRYRz, -NRxC(0)ORY, -0C(0)NRYRz,
-NRXC( S) ORY, -0C(S)NRYRz, NRxC(S)SRY, -SC(S)NRYRz,-NRxC(S)NRYRz,

-C(0) NRYRz, -C(S)NRYRz, 15 -NRYRz, or a heterocyclic group, wherein Rx, RY
and Rz are ijdegandentdayrsekesied démaupdiegen or ClL to G6 al kyl and
wherein one of Ra, Rb, Rc, and Rd may al so be hydrogen. In the acyclic
cations defined above, Ra is preferably selected fromCl to C20, |inear or
20 bra . . kyl f € I : I | kyl , and
st prorer st ies e i RLoqfah R atSupl ferheRL BN ft

i ncl uddewsedeicsofting ® thelpeederd ifveatiomieichude; et hyl, n-propyl, n-butyl,
n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl, n-undecyl,

n- dodecyl, n-tridecyl, n-tetradecyl, n-pentadecyl, n-hexadecyl,

n- hept adecyl and nge@ct agz&k. nth cyclrg ccatbgngdefi ned above, Rb,
Rc and Rd are pr efgér%z;BN in e/péﬁzdcgﬁtlyﬁg(gl\ Jt/:a\e\’\fr/()(tr%q|q %H%o Cl10 linear or
branched al kyl, nore pr ably, Cl1 to C5 |i\neaf or branched al kyl.
Preferably two of Rb, Rc and Rd, and nore pr[%f erably each of Rb, Rc and Rd,
are selected 30 frommeff{l, ethyl, n-propyl ™ butyl, n-pentyl and

n- hexyl. WD 2012/ 046057PCT/ GB2011/ 051906 -17- + 1In a further preferred
embodi ment, one of, Raé Rb, Rb anm be substitutedWw.th hydroxy,

met hoxy B enmoxn—""8psedi f N ~exahp 8FHpt e effied \aCy i ffleum and
phosphoni um cqti ons suitable for usg according to the pfesent invention

i ncl ude: NBu4 S PBu4 , NHBu3 , Bu3P 1-129) , NMeBu3 — '

([N 4, 4] ) ([Hdm4, 4, 4] ) ([ NH4, 4, 4]Q0(mP4, 4, 4, 14] ) ([ 1\ 1Me0t,rmil] )

_FOH (C81-117) 3NMeHeX3P( C141-129) (C81-117) NMe3 , Me3N

In another preferred embodiment of the invention, [Cat’] comprises a saturated
heterocyclic cation selected from cyclic ammonium, 1,4-diazabicyclo[2.2.2]octanium,
morpholinium, cyclic phosphonium, piperazinium, piperidinium, quinuclidinium, and cyclic

15 sulfonium.
More preferably, [Cat’] comprises a saturated heterocyclic cation having the formula:

R4 + B 1+ B Rd 1+

R N R /7 '\ Rb P Rf

Ra/ \Rg R® RY Ra/ \




08, 8, 8, 1DP6, 6, 6, 14] Me3N+OH ([ N8111]) ([NL, 1,1, 20H) (=)H Me3N

aNti,i,z
cation s
uroni um

conprises a cation having the formula;_wherein:Ra, Rb, Rb, Rd, Re,

Ses a

and Rf

are each i ndependently selected from 3-a ClL to C20, straight chain or

branched al kyl

gr oup,

a C3 to C8 cycl oal kyl

gr oup,

or a C6 to C10 aryl

group, or any two of Ra, Rb, Rb, and Rd, attached to different nitrogen
atoms forma nethyl ene chain,-(GH2)g- whereip gqris from24q 5; wherein
said al kyl, cycloakkyl ar aryl groups or said t Ryl enerichpi n are
unsubstituted off may_be¢ substit yted onglto three ups| sel ected from
Cl 25to0 C6 al koxy, o Cl2 al C3 tp C8 cygloal kyl, C6 to Cl10
aryl, C7 to WDO|2 046Q57PCT/ (3B2011/ 051906 - 1810 yl, C7 to Cl10
aral kyl, -CN, -0OH, - - , - < 0C[0) Rx, C(O)TRX, -C(S) Rx, - CS2Rx,
-SC(S)Rx, -S(0)(Cl Yo @6)alkyl, [-S(0)|0(CL to C6)al kyks -0S(0)(Cl to
C6) al kyl, -S(C Yo Co)al kW, -SLS(C ®Ro C6-al kyl), NRxC( 0) NRYRz,
-NRxC( 0) ORY, -0C(0)NRYRz, -NRxC(S)ORY, -0C(S)NRYRz, 5-NRxC(S)SRY,

- SC( S) NRYRz, - NRXC( S) NRYRz, -C(O0)JNRYRz, -C(S)NRYRz, NRYRz, or a
het er ocycl i ¢ group, erein RXg ndently selected from

[da)

RY and Rz |are iynde
hydrogen or ClL to C6 |al . bpeci fic example f guani di ni um uroni um
and thiuronium cations suitable |for uﬂﬁl 10 aggording|to the present

1 MeZNNMe2 % T .

i nvention include: + l}j ;
/

R RY

R

wherein: R R R° RY R R and RY are as defined above.

5 Still more preferably, [Cat’] comprises a saturated heterocyclic cation having the formula:

Rd

RS, R®

R / \ R

RY

and is most preferably:

10 wherein: R? R R° RY R R and RY are as defined above.



Ove + Me2NNMe2 Me 2 NNMe 2 MeNNwe \/ OEt SMe SEt

i + Me2NOHVE2NNVE2Me2NNMWe2 | n a further preferred

enbodi n | fur
or sele ng
pendant thiol, thioether, or disulfide substituents. In still another

preferred enbodi nent, [Cat] represent 46ne or nore cations havi ng a steric
vol une no greater than the steric volume of tributyl nethylamonium 20 In
accordance with the present invention, [X] may corrpri se one or nore ani ons

sel ect o4 anéECBF’ddngg thgﬁrsrlﬂ'h ﬁenpéﬁHﬁmn'tlgﬁZ{CaF '1h" ﬁﬁ@@raﬁybm%
sul f onat es oni m osphates, phosphite phosphonat es I des
bor at es, satlanat&ﬂdyebtat@schazambatselﬂct&!hﬁrdmnat es, carbamates, thiophosphates,

t hi ocar boxyl ates, thiocarbamates, 25 thiocarbonates, xanthates,
t hi osul fonates, thiosulfates, nitrate, nitrite, perchlorate, am no acids

and borates. WO 2012/ (046057PCT/ GB2811/051906 - 19 + Thus, [X] may
represent one or nore anions| sel egted ffro R a) a halide anion
selected from F, d -, S b perhal i de ani on sel ected
from [13]-, [12Brt, [1 [Br2¢F, [Brad , 5[1Cl12]-, [12CF,
[ C131 ; RP . Re
7\
R? RY
_ d - - a4
R * R® R
RS R®
RP S R® ’
RY S Rf
Ra
- R? - — -
5
B 7o+ B 7o+
RS 0 R R® N R
LX| o | X
R /N\ R R T R
Ra

In the saturated heterocyclic cations defined above, R? is preferably selected from C4 to
Css, linear or branched, alkyl, more preferably C, to Colinear or branched alkyl, still more
10 preferably, C, to Cs linear or branched alkyl, and most preferably C, to Cs linear or
branched alkyl. Further examples include wherein R? is selected from methyl, ethyl, n-
propyl, n-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl, n-undecyl, n-dodecyl,

n-tridecyl, n-tetradecyl, n-pentadecyl, n-hexadecyl, n-heptadecyl and n-octadecyl.

15 In the cations comprising an R? group, RY is preferably selected from C to Cyo linear or
branched alkyl, more preferably, C4 to Cs linear or branched alkyl, and most preferably R?

is a methyl group.

In the saturated heterocyclic cations comprising both an R® and an R® group, R* and R®

20 are each preferably independently selected from C4 to Cy, linear or branched, alkyl, and



c) a pseudohalide anion selected from [N3]-, [NCSF, [NCSer, [NCO, [CN -
d) a <1l nhate ani on selected from [ HSMI - [SAi 12 TR20SND201 -

e) a

f) a sultonate anion selected Trom |KRLSUZ20]-; 1 Ug) a sultoni made anion
selected from [(RLS02)2N]-; h) a phogphate anion selected from [H2POr,
[ HPO4] 2-, [Pai]3-, [R20P03]2-, RR20)2P921 , i) a phosphite anion sel ected
from [H2P0O3]-, [HPO3]2-, [R20P02]2 , [(R20)2P0]-; 15j) a phosphonat e anion
selected from [R1P03]2-, [R1P(0)(0OR2)0]-; k) a nethide anion sel ected
from [(BIS0R) 36HRd ), % PSRkl sRxahatebRLIUR]
[ bi snnl[ognat oborgzﬁarge ay B%H BIéa @gé%ghxyﬂgtgtpaﬁeo%bwg r{gg?eg ?r gm ﬁ-azgc%z] -
n) an aeteckadeframi GﬂtQ;@h(elmwdcrrbmnch[ea Akydi stilltmorelpr2fetablyi &z &0 &sdihear or

4- ni 1.2,3-, 20 imd I
L4 5. aittee el LR Bleibranly e Inda? SEbUREReR b and s L. at e
[tetr amlRata@b R‘h)wa;’zl b@%bfddﬁtecﬁﬁ@rheﬂjﬂb@mﬂﬁéé?rrbr?tﬁét&ﬁie@icbllfw afibrel frefealpodat es
(e. g ); thiocarbamates and R22NCS2] -); thi ocarboxyl at es
(e.g. [@%f@é??a') or RraPefbakHated mast gre ?r@g&mﬁ) DBEM Proymilpay Pftbﬁ%ll?r@f;er(%j g.
[ RS( 0) Z@fhodiRBsk, @tatf‘l?%[\?&p]%?;e%%h b8 i8de Vé}éﬁ%ﬁ@ gé@cte@”@here preBén@fBhi d’)ﬁ’ﬂ‘ﬁd3

([NOB]-) or nitrite ani on; erein: Rl and are | ndéependently

sel ect &ioflmeﬂnqubea@h@dralkycbﬁed§l1it®l@1m|kmatkm al kyl , CG aryl, Cl1-C10

al kyl (C6)aryl, and C6 aryl (G -C o)al kyl 30 each of which may be

substituted by one or nore groups selected from fluoro, chloro, brono,

i odo, Gifdrﬁe@@r@fbh@d}emtﬁijlment@;mb RKRLYRS, KemdyR 48 indepeBdentl ssddtyd frod to

C10 %()H Cr to COaIkarg/ C7 to C10 aral ky Q%@-C]—Ib-SH + N2,
ydmeen)ard ar. ¢(sppghed glspirgnd ”SZE?@r ,rab-'XSFo’)'ﬁcftB A

2012/ 048Q%7 BSdH %géé.,,ﬁ 051906 - 20 - Co)al kyl, -S(0)0(CL to Co6)al kyl,

-0S(0)(C1L to Co)al kyl, -S(C to Co6)alkyl, S—S(CI to C6 al kyl),

- NRxC( 0) NRYRz, NV\C(O) ORY, -0C(0)NRYRz, NRXC(S)ORY, -0C(S)NRYRz,

WO S} 5By S0 SUNRIEZ I SN VR e s SE DRI e hs) MR AR

or a heterocyctli'c group, are i'nd pende ected
from hythiogen or Cl1 to C6 al kyl, and wherein RlL may al so be quorlne

chl orine, brom ne or iodine. Preferably, [ X] does not conprise perhalide
ani o or anions containing acidic hydrogen atons. In one preferred

enbodi & HnotHeX] pref?Frdd EFBSIPher BTSthetiBivéition, Fé! Peompligds af! KGRI chfigm
[F]-, [CF, Brf and [If. More preferably, conprises or consists of a

hal i de sl fsemect ed from [CIF and [Brf. Still nore preferably, [X]
conprises or consists of a [CIF anion. In a further preferred enbodi nent,
[ X] conprises or consists of a pseudohalide anion selected from [N3]-
[NCSF, [NCSer, [ NG&®)(RE")[RW APR*)(R")R)R]', and [S(R*)R°)R°)",

20
wherein: R? R® R and R? are each independently selected from a C;
to Cyo, straight chain or branched alkyl group, a Cs to Cg cycloalkyl group, or a
Ce to Cyo aryl group; and wherein said alkyl, cycloalkyl or aryl groups are
unsubstituted or may be substituted by one to three groups selected from: C4

25 to Ce alkoxy, C, to C4, alkoxyalkoxy, Cs; to Cs cycloalkyl, Cs to Cqo aryl, C7 to
Cio alkaryl, C; to Cyo aralkyl, -CN, -OH, -SH, -NO,, -CO.R*, -OC(O)R*
-C(O)R*, -C(S)R*, -CS;R*, -SC(S)R*, -S(0O)(C1 to Cg)alkyl, -S(O)O(C+ to
Ce)alkyl, -OS(O)(C1 to Celalkyl, -S(C4 to Cplalkyl, -S-S(C4 to Ce alkyl),
-NR*C(O)NR’R?, -NR*C(O)OR’, -OC(O)NR’R?, -NR*C(S)OR’, -OC(S)NR’R?,

30 -NR*C(S)SR’, -SC(S)NR'R?, -NR*C(S)NR’R?, -C(O)NR'R?*, -C(S)NR'R?,
-NR’R?, or a heterocyclic group, wherein R*, R’ and R* are independently
selected from hydrogen or C, to Cg alkyl and wherein one of R?, R, R®, and

RYmay also be hydrogen.



In a further preferred enbodinent, [X] conprises or consists of a

car boxy

above.

[MeC2] -, [EtCO2]-, [CH2(OH) CO2]-, [CH3CH(OH) CH2CO2] , [PhCQ2]-. A
partrcularly preferred carboxylate anrgn is [MeCO21 . In a further

preferred enbodi nent, [X] conprises of®consists of a sul phate ani on
[504]2-. 25 In a furt her preferred enbodi nent, [X] conprises an anion
conprising an electron-rich sulfur or seleniumnoiety. Exanples include:

ani ons t hi oether, or disulfide
sulbst i t@nﬁ’zgﬂef%%‘sgégﬁﬁgﬂ%éf%%%iE?%Eﬁl@sz] I[ RICS2] -, [( Rlzo;J 2P|82] -
[ RLS(0) 2SF and [ R205(0) 25F, wherein Rl and R2 are as defined 30 above.

Furt her exanples of ani + [ CH2( SH) CQ21 ,
[ucrchz(sir) g:%ms, Icg@iRé (ﬁbg%fgﬁz)@gﬁgﬁ@i?’ﬁ;ﬂ%gﬁﬁ %(Neg) ZDPSZI ,

REt 0) 2PS21 [(Ph0)2P821, RCH3)2NC82] , RCH3CH2) 2NCS2] , [Ph2NC821,

[ CH3QCS2] , [ CH3CH2OCSZ) é Most preferably, conprises or
considts of V‘H‘erﬁ%.'f‘r de a&ni Bn Bncnsk Ra’ﬂ‘&@ﬁ@'@) qp&@dgﬁly&?'%e@éﬁ%é&ebove

and/ or [ Sai ]tgczggcé Htr&ia‘?rr abr')aéncrﬁéﬂ al'k§| &8 mﬁcéfegtéea bIGHIK |g[r§u;%] Gd S

[ SCNI F. Most pr e app ecra ed that the
present i nvéhit iaoyl QEDch)t arhd rrwher@lrt osarcbnalhyll |Q¥0i06kk<ybm17pa'ry$| gr@uas samﬁgl e

" aprosent 1 H6oBPeE U Bp SaesthBl TP o e kb p R R
1 3 di rrﬁ] h?/ltb m§m| yi @Nto I:1§|erky>|b<yaakoxwo?rﬂb r@gldymodm?ploeumn%agryl, C7t to
e [ azoliju ar , Ln certain embo :
repr ent yt\%] o #K3rYy eg;artr‘? é’ﬂ%/h &ﬁ’anﬁﬁxtﬂ"e D2 if-&eRae- ég&%ﬁ) and
brom de ([Brgjo)Rt -w ijxaI @‘SZRES%@(@?R* algieh)idhato tdi‘e%lkﬁ' akigpo@En! &y anounts

of [Cat], [M+ I onic Irqurds defined above are not fixed,

but may také& ”K)d,ngésé@ (Gal ft@e@ewi@\h a1t ImtCa)dlsyle -BsS(Guvetaalls @Hfa{r)ge

bal ance. Thugpx at i 1 [ ]

depend on thEIRcéc"){@ IrRat |NCI)F§C35 @ﬁ r;ewq Rl(':?g{{r oﬁeili Fm)j[d%hdé?ﬁe char ges on
each of the-NeGS(§)SRY] -SCI#NR'BRAd [ MR'ES8) NR%RZprgfmmMRﬁ%ﬁl GI(ISI\[F@‘RZ] and
anro [ X] defipned abgve are eneraII si ngl.e rg i ons r
accordance mr\'%hﬁt,rer DR APV RID oo T2 ROt Eie! GERAIaRenort | and or
[X] may reprs@rRidd frémshyiryddrdoRCl Ty RIg/! ‘éh@r\/\g%relfr(?fne' STRBIRCERAUHY Y-,
triply- or géjadruply charged ions. For exanple, [Sai]2 may be identified as
an exanpl e reaialge bg-fokErgsed anion falling within the definition of [X].
25 The nolar ratio of [Cat] to [Mt] in the ionic liquid is preferably in
the range of from10:1 to 1:2, nore preferably in the range of from5:1 to
1:2, ar thrmabyq’mpefaepabldpfmed theve,aRYis mefdrabiyns2idctédfrdmlC, td Chadinbaear f ound
that to ].of from2:1 to 11 allows th aI

| oac? T Here SRY MorpIRSIEPHYD Chdd K sl S aatsGLA Ko B T o OTIBI y o
30 contgab @, ﬁn@é%rbh&%ooalk%h&:unﬂ@r Exdrhfiles thdllidd whRiIPRe s s@bdtbd&oRPi Nt
and water m scr bility) WD 2012/046057PCT/ GB2011/051906 - 22 - by the

choi ce regthylhetiy garrerdatt @HY'S)” periyl. |n-haxé ndiardyll Nepatds Ndxey! ak-€leedi ng to
t he pr i y h tion
[ "t o ecy R AEBbac, FRgReyE rERRLBERRYnGRARRCR, Tceboh R RechE! 7
t he sarwdaeod;tbéecn)dmr c liquid anion [X]. For instance, the rret aI salt may
prer;ﬁéabl y conprise a halide anion, such as a chloride anion or a brom de
ani on: Most preferably, the salt added to the ionic liquid is selected from
FeCl 3, Ifrel¥ Seyclitt Eadfonseddined Bibdve 1R, R° and R are preferably independently selected

from C, to C4 linear or branched alkyl, more preferably, C; to Cs linear or branched alkyl.

Preferably two of R°, R® and R?, and more preferably each of R?, R® and R, are selected

30 from methyl, ethyl, n-propyl, n-butyl, n-pentyl and n-hexyl.

Still more preferably, two of Rb, R® and Rd, and more preferably each of Rb, R® and Rd,

are n-butyl or n-hexyl.



In a preferred enbodi mrent of the invention, the netal ion [Mt] is conbined

with o X-]
conpri s the
nmet al | OIr [ Ivik]. A LEITIALI VELY, Le 1omce 11 gulu gy Colipri se rneutt al

speci es which are capable of coordinating to the netal 15 ion [M], for
exanpl e am nes and phosphi nes. Prefer Z)I'y t he coordinati on conpl ex has the
formul a: [onn(Ly-).fnx-mnmy) 20 wherein:each MK+ i ndependently represents a
metal ion [Mt] as defined above, having a charge of x+; each LY-
|ndepe t T b Cha w3 25m
gﬂ'%”Fdrgf:eF 23%@%%8 é?é‘?(duflr%ﬂgdor%aw F@SRmﬁ LHG Fgf nrbéllysben sb@st&%t%d%gf '
WI II b@ydpmyemleﬁtoe(al or ktitoxyhe exact structure of the coordl nati on conpl ex,
and thus the 30 values of n, m x and y, depends on the chem stry of the
particular nmetals and ligands that are used. Suitable structures are
readi | ygperid@xahmldyyoisiefarst adycikahmadriuthhmdashosphbrignbastchspiuitaslefbes of
coordi nati on chem stry WO 2012/ 046057PCT/ GB2011/ 051906 - 23 - Preferably,
each iwel@cprﬁﬁ@p@ﬁﬂﬁrﬁ’f@%ﬁ%@VQEE'%'”PWQ% ani oni ¢ species [X-] as defined
above, [02] and [S2]. More preferably, each LY- is independently selected
from halide ani ons, perhalide ions, 5 carboxylate anions, [02] and [S21.

For exanpl e, h LY- be i nde dent | ed om[Fr, [CIF, [Brt,
[17, [N3]- {4 ; g%-”r“‘* [N@]EﬁQTm|P(‘§(§%%] E&Bﬁ Yein R2 is as

def i ned above,([NLQZJD and([FEﬁ%Jr]) (RFief 7 abl 4R, (Rt NYXIN,$, @ negat i ve nunber .
When (nx-ny) is a negative nunber the 10 coordination conplex is referred

to herein as a netallate anion. Particultarly pref /ved\?t@lﬁl ate ani ons
i ncl ude [Fe@sh']ﬂ)sN'V[eQJCIH¢}<31“’(C14['I£§MZC@8]"27JN"A% [ MYB4Y 2- metal | ate anion as

defi ned abov befor( t he ditjon of a %It to the 15 ionic
l i quid, wher b‘if‘sﬂple |on|[c6??1d id anidgns'Conbi ne wi 1t1 metal salt to form
the netal |l ate ani oMce wher e, t |on| liqubg is prepared by
addi ng FeCl 3 topg | or i O |¢I|ungN uc [CIF in an ionic

liquid to netal ion ratio of 1:1," the metal salt conbl nes 20 with the

chloride of the ioni@Niigaild to form an i orf™hikadli d having the fornul a
[bm ] [FeCl 4] -, wherein [FeCl4]- represents the netall ate conpl ex. Were
t he nic liquidis prepared by adding CuC 2 to a chloride ionic liquid,

such asn [HruAh¢CéhbodirfertNofl Y Gnvenfigh d [E & IMBEAbrisdd af Bhtich Qbledtek frohf
metal salt combines with the 25 chloride of the ionic liquid to forman

i oni ¢ Igugnidinivrayi eyglie heuaridiniuna (remum, ) oyJicuaraiym) | thiyierienn gnduciyal@-
represq@ ﬁ?'ﬁnﬁ netal |l ate conplex. Alternatively, where the ionic liquid is
pr epar e y adding CuCl 2 to a chloride ionic liquid, such as [bmm|[Cl]-
inan ionic liquid to netal ion ratio of 1:1, the netal salt conbines

15 More preferably, [Cat’] comprises a cation having the formula:

+ + +
NReRf OR® SRe

)L ’ /K o /K
RaRPN NR°R?

R@REN NR°R? RaRPN NR°R?

wherein: R? R® R® RY R® and R'are each independently selected from
20 a C4 to Cy, straight chain or branched alkyl group, a Cs; to Cg cycloalkyl
group, or a Cs to C1o aryl group, or any two of R?, R, R, and R, attached to
different nitrogen atoms form a methylene chain -(CHz)q- wherein q is from 2
to 5; wherein said alkyl, cycloalkyl or aryl groups or said methylene chain are
unsubstituted or may be substituted by one to three groups selected from: C4

25 to Ce alkoxy, C, to C4, alkoxyalkoxy, Cs; to Cs cycloalkyl, Cs to Cqo aryl, C7 to



30 with the chloride of the ionic liquid to forman ionic liquid having the
formula ([bm nl)2([ Cu2Cl16] 2-), wherein [Cu2Cl6]2- represents the netall ate
conpl ex

appreci ated that where the netal |oading of the ionic liquidis low the
ionic liquid my conprise a mxture of netallate anions and non-conpl exed
anions [X]. The ionic |iquids having” {Be fornul a [Cat +] [ MF] [ X] preferably
have a nelting point of 250 5 C or less, nore preferably 150 C or |ess,

still nmore preferably 100 C or |ess, stiII rmre preferably 80 C or Iess,
and nost prefer b he, i@ni g dvAuic hasya - p 1R~ be C In
sone enbodi ?entéfs:“b%) (}Eue ?n@en?rlaoﬁ/ cﬁ\é |a((§)n| C | qu rrg?corrg?le@)wn’el tin

poi nt 10 supﬁ(@)&Rﬁan%S)s&‘ ab&RT, veSC(SIRHiI eHA)G1 el Td) )algylpoB(0)(Gpptoessi ng
ddi t th li g d ' b,
var oxy T or G Enat St oP mORbg R ol 0T neSrr i) Gobn™ ®
suppr essi ng Nekd@(c@»\myRSmNFm R(DRYUOIQ(Q:)NWRZ SWCGS)@RYQ e@@sm%& are
wel | -known in the art, ncl ude et hyl ene ﬁ?zyco I}%ﬁyclerol ureg and
pheno?. 15 IN%@@S%M}%@ %ﬁig’of MR GENRIR o G(@ WRR ed t hat
the ionic Iiqryge is érr%?erBEdeF cTSrbU;S RRbRSN RAPRY S53i RY a?@'%ép\éﬁaenﬂ has

been found that the process resent rnvention is not particularly
sensitive t@emtedwfeorprfwgmg@e erwatatC‘eralkw or instance the process of the
present invention is conpatible with hydrocarbon streans that conprise a
m nor proportion of water. In addition, the ionic liquid itself may
conpr i Bpeaifidl eAmples psfr Guarndisiinweadrehiuntr efetiaibtoniurh heatioas esuitablet frtusy t he
star,mr@% ionic ljquidis less than 30 ww% nore preferably | ess than 20

wt % eorefr&fertaeppeaeewveﬂw 6B, and nost preferably less than 5 wt %
For exanple, the use 25 of a hydrated salt (such as CuCl2.2H20) to prepare
the ionic liquid nay give rise to a mnor proportion of water in the ionic
| i quid. Most, preferably, {the ionic Iiqui d {$..chosen so as to be

substantial | y NM¥ni sci bl e +the hydr ocar bo f1uid, partlc arly where t he
hydr ocar bon fljuid conpri ses a| R qui d-30 hy ar bon +

2012/ 0460&d, / G011/ 051906 25 - for "Mddi t| sucMezas coe‘MPz\/ent S

and/ or mercury-conpl exi ng’tN gand¥/eand/ or a I onal oxi dants and/or redox

internediates, in the ionic liquid conposition. Thus, in one preferred
enbodi ment, the ionigetliquid is freseﬂeof cosolvents.sefn a further preferred
enbodi nent, the ioni% Liquid is frege of mercury- cﬁggm ng. | igands. In yet
a further 5 prefbgnre oibodi mevd,n -t enigni ¢ | i gpgi niig,ee of additional
oxidants. In still a further preferred enbodinment, the ionic liquid is free
of additives which may function as redox interrredi at es. In a further

prefernged fﬁHPQﬂbr‘@?x{?Fed &RBoitHNE, b'aﬁEmeBﬁé’%@E be?&pt%rlnr)ﬁﬁﬁ A AeGRIN-Fe

support 10 material. In a secon e present Invention provides a
pr ocEs suffiar ot selaréurpvabiety. n@xammlsszlndude catipnsiras defimed mibnye hsonprisindon

et cur EROARAT R R SRRt ArBe 1 eiBaR "W 1R an tont o 1 qui d {mmbi 11 sed

on a solid support materlal where the ionic liquid has the formul a:
[Cat][I\/H%X] 20wher ej n: rep res nt,s one or. nobre organi c catjonic

speci edn silinothes rseiere %m O‘Bmeﬁ‘ﬁr b {ARresents SR QeMore CaieRRRYIPAI ti on
et al  GadriORtuia YWboPedBr ahdRs sRIMicoftle Bf tribatyRhe@@ARSniuiX] represents

one or nore anionic species; 25(ii1)separating fromthe 1onic liquid a
hydré&ar bon fluid product havi ng a reduced nercury content conpared to the

Mer curys %88&85%@%% ltHJé Sresgﬁtqhventlon, [X] may comprise one or more anions selected

from halides, perhalides, pseudohalides, sulphates, sulphites, sulfonates, sulfonimides,
phosphates, phosphites, phosphonates, methides, borates, carboxylates, azolates,
carbonates, carbamates, thiophosphates, thiocarboxylates, thiocarbamates,
25 thiocarbonates, xanthates, thiosulfonates, thiosulfates, nitrate, nitrite, perchlorate, amino

acids and borates.



I n accordance with this second aspect of the invention, the ionic liquidis
prefer on.
Prefer

with the TIrst aspect orf the Invention are also prererrea In connection
with this second aspect of the |nvent|$ Furthernore, the metal cation

[ MF] may be conbined with one or mor e ifgands to forma coordination

conpl ex, WO 2012/ 046057PCT/ GB2011/ 051906 - 26 - preferably a netallate

ani on, as described in connection with the first aspect of the invention.
Pref er g, XMy Rl S BROTGE nfBRb ShioRls séRRfbAfGAr ding to the above aspects
of the pres 3 enti1on conprises or consists of a porous support
material. Particularly preferred porous support naterials are those having

a BET surface a 0 g-1, nore preferably from
20 to 1000 ne. %)r f‘ahagkdele\”'%‘?eg {)[Q%?’Q%ffoﬁ %6nf§0 to 500 n®.g-1, and nost
preferably frop) Hpethalidd@nish Qeléctedi&rdFﬁe[lﬁm[leHSHBQPF as]uqmc%cgsrmij]'ng to

t he above aspects of the present invention are preferably in the form of
pel 1 e?s, granul ed!@l, b&dudChbvi ng a mass nean diameter in the range of from

0.1 mmto 100 gmg ;F@Hu%oﬁélﬁfeeérﬁ&ln ¥elBctRdTBnh:gN goéms a@ftt ﬁe“ I?I\ﬂb' y 1 mnm

to 10 mm 15 Exanpl es of preferred porous so sed
according to t¢i)e mwtagpmtselexﬁed ﬁrempﬂé%@dt, [$®A,]er[ﬁ 06Q:0¢1 ude silica,

al um na, SI|IC I\, rably, the solid
support materi %u h'% %”A F%gétgﬂ?o [ﬁguﬁ’ggg?@/ﬁ %ﬁ {1 qui ds for use
accordi ng to tf)e diifonarspect selefteti 2GR $OLDL;i on conprise fromlto 50 wt %

ic liquid, nore preferably 10 t 30 wt% of jonic liquid, and nost
pr ef&pabl y 15 b 32%1"(\?&9@6‘ ige af‘t?rﬁ‘l%'?qt‘%fb rgm- BgséQZ et he total weight of ionic

liquid and sol hy SYREHHate §ﬂ|dnds<§é'&99rﬁo?m cenpa, i [PE’CL']‘Z‘»‘S[P@ﬁ{ IIR&OPH,JFoNi €

| i qui d have been fou to provide maxi num surface area t hout bl ocKi hg t he
pores of the sup;ﬁtﬁfﬂzﬁﬁzlredum ng the contact velocity. 25 In accordance

Wi th any aspechs of % Los i C 2and
the nercury- cont &i nP %H'itgr gac%adr oﬁgfgﬁt&dd ?eede; Bﬁlr e]tler é%? é @y ted in a
hydr ocar bon: |on|c[R201mGi] ;volume ratio of from1:1 to 10, 000: 1, nore
preferably from?2 10, 000: refer h to 10, 000:1
and ﬁ%st pr ef el alil @/‘%@89” tetaé"%bSQL@Cteg@%ﬁT‘ I“% Fgcsfrler[gl 8@@%&@@% vol une of

ionic liquid rg aatmgg],dé)aﬁ,kgﬁs@@@%tfr&ﬁv&y abon is preferred as this
prevents the formation of emnul sions 201 / 46057PCT/ GB2011/ 051906 - 27

- In a furt herl)prech@piecanienbelgrieditom:tlhisoxaaioboratelu[kismyglenaiohptsdel; cont act
ratio is sel ecf %éé#ﬁ{;&éhélgtanﬂof %0‘91%‘898"@#% nore preferably 1 to 1000

nol es, still epre ill nmore preferably 1 to 10
nol es, and nosh) mneamablamdn selebtendtas: [Bf5-tindra- bﬁ;4ctrllaquatej [@rrétrodr2,act ed

the ?ﬁu?‘irﬁgﬁtya?%“ oy Bl e das-orioBordRel Moridene "

f or egoi ng aspect Smeazbllafe]' [ﬂVrﬂ!ﬂélhﬁcﬂbzo‘m@] [t@!ﬂafoléteﬁw dis preferably
contacted with the mercuréa cont ai ni ng hédjr ocarbon fluid feed at . a

t enper at ure of OF rofyIfUrCoNEINIAY Emlomﬁelec efremathigcarbenites (€% dRiCQ@Szl still

nore preferably fg, ?%r%gm%%§ aJnQSéQg z]%’féél ”ﬁr&a%cﬁ&@t@@é tgal méq Cto

80 C, and nost prefera rom mer car
hydr ocar bon fl ui dhibpkeosphayesée.go &)jﬁﬁzw tthicshéonates c(ngl c[BB(DﬁS]) and

beI O%)herl c pres%ll[)gulgaa&p OXI[EE)tSEEbXSWO kPa) al t hough pressures above or

p) a nitrate ([NO3]') or nitrite ([NO2]") anion;

wherein: R' and R? are independently selected from the group
consisting of C4-C1g alkyl, Cgs aryl, C4-C1o alkyl(Ceg)aryl, and Cg aryl(C4-C1o)alkyl
30 each of which may be substituted by one or more groups selected from:
fluoro, chloro, bromo, iodo, C1 to Cs alkoxy, C, to C2 alkoxyalkoxy, Cs to Cs
cycloalkyl, Cs to Cqo aryl, C; to C4o alkaryl, C; to Cqo aralkyl, -CN, -OH, -SH,
-NO,, -COzR*, -OC(0O)R*, -C(O)R*, -C(S)R*, -CS;R*, -SC(S)R*, -S(0O)(C4 to



15 atnospheric pressure nmay be used if desired. For instance, the process

may be c erably
from 20 t
preferably ou Lu 12U Krda. enierally, 1L IS USL ECUNUII Cal LU cultact the

mer cury-cont ai ni ng hydrocarbon fluid feed 20 wwth the ionic liquid w thout
the application of heat, and refi nery2 roduct streans nay be conveniently
treated at the tenperature at which they enmerge fromthe refinery, which is
typically up to 100 C. The ionic liquidis aIIovved to contact the

mer cury- cont@ eﬂkﬂg @@bg@artgoa HS” dd%@j éoqo f'§{}(‘%”‘to t@gg );|o enabl e

at | east apotlono e nerc rylnt rcur co’tal I ng hy ocar bon
fluid feed t-8-3(CandberCq naliyl)he-NRKI(O)NRERS d -NRASE)ORI|i t eDCEONRBEcal es

hour 5. and IRCEIERer SFRFOR i@gmﬁg@wﬁim%@%mwes e

2012/ 046057PC@'®¢BQ@{E11CQSNIQG?Z Nﬂ@yRZ bna aetdmdy@ncagmpt whéﬂ‘eﬁm RI" 6RedHd
i nvention pravides process for the renoval mer cur

mer cw? y- contfi a{pn@dm\dseﬁy 56'ﬁC‘ie|deQi“fré’é|6°99c”h‘ér %r s ¥K}’brﬁ5‘|d| ‘éé'i‘?f@'”t he steps
of : (i)cont %‘trhé‘;gafsg%er?ﬁfoﬁHé ?rq&ﬂ{eabmrﬂ,gery%wr bon fluid feed with a
a

solid 5supported netallate s where the netallate salt has the fornula:
[CITRM)n(1-y-)m (nx-my) wherein:each M+ independently represents a netal

fﬁéLSQ#&%ﬁ?@? &ToBS ot SaRB S pdAK B9 R0RO B Aol cprtairiRg Bl nygirageny. -
is 2, %torﬁs 5 6, 7or 8 xis 2, 3, 4, 5o0r 6; 15y is 0, 1, 2 or 3,

(nx- ﬁ is a negative nunber, and [ Qt] represents one or nore inorganic
cati ons having a total charge of (ny-nx); and 20(ii)separating fromthe

i oni ¢ Ijh GHE Gréfersd PRI RABNE Diit SorRpRshecdy d@ff%!s@o@a h&fhecadlonREREal P! ent

conpared to the nercury-containing fluid feed. It wll be appreciated that
t he exdkk. [§ilr UBtlurandofl] .t Hdongeprefdrably, Bh] eamp(issstPnCRNSiFist ¢fxa rilalijle amiah t hus

ot al & S gk Py el SRR bl ECERDbisheder B RLRN R

deduci nprby persons of skill in the art using basic principles of
coorﬂé nation chem stry. Preferably, each LY- is independently selected from
ani of ¢ species [X-] as defined above, as well as [02] and [SI. 30 WD

2012/ 046 Q5/(RGEf %@ﬂf&é @A iment, [X] comprises or consists of a pseudohalide anion
selected from: [Ns], [NCST, [NCSe], [NCOJ, and [CN].

In a further preferred embodiment, [X] comprises or consists of a carboxylate anion

20 selected from [R*CO,|, wherein R? is as defined above. Further examples of anions in
this category include: [HCO,], [MeCO,], [EtCO,], [CH2(OH)CO,], [CH;CH(OH)CH.COJ,
[PhCO,]. A particularly preferred carboxylate anion is [MeCO;].

In a further preferred embodiment, [X] comprises or consists of a sulphate anion [SO4]*.
25
In a further preferred embodiment, [X] comprises an anion comprising an electron-rich
sulfur or selenium moiety. Examples include: anions as defined above comprising
pendant thiol, thioether, or disulfide substituents, [NCS], [NCSe], [R?OCS,], [R>2NCS,J,
[R'CS,], [(R*0).PS,], [R'S(0)-S] and [R?0S(0),S], wherein R" and R? are as defined
30 above. Further examples of anions in this category include: [CHx(SH)CO,],
[CH3CH2(SH)CO,], [CHsCS,, [CH3CHCS], [PhCSy], [(MeO)PS;], [(EtO).PS,],
[(PhO).PS,], [(CH3)2NCS,], [(CH3CH2)NCS;], [PhoNCS;], [CH30CS;], [CH3CH,OCS,]J,
[PhOCS,],



- 29 - from[F]-, [CF, [Brt, [IF, [N3]-, [NCSF, [NCSer, [NCOF, [ CNF,
[RZCOZ] - whererin R? ie ac defined ahnve 1021 and [ Q21 Particul arl v
preferre d

[ MOS4] 2- [Li],
[Na], [K], [My] 2+, [Ca]2+, and [NH4]. _More preferably, [a] represents one
or nore ions selected from]JLi], and'?Na] . 10 I'n accordance with this
aspect of the invention, particularly preferred netallate salts include
[Li] 2[Cu2Cl16]2-, and [Li] 2[CuCl4]2. In accordance with this aspect of the
invention, the solid-supported netallate salt is prefer@ably contacted with
t he mercury-cont ali feed at a tenperature 15 of fromO
Cto 250 C, norg e|preferably from
20 C to 100 C, |3 40/C to 80 C, and nost preferably
from50 Cto 7 hydrocarbon fluid feed may be
contacted with he SO|I - 20 suppor @detal | ate salt at a nospheri c
pressure (approximately 100 kPa), although pressures above or bel ow

at nospheric pressure may be used if desired. For instance, the process may
be conddadtedefatably, ;[)X'esesmpésesforfmlszismoﬂ@balide droovand/Paa pseudohmlidbemar y

from 20 kP 000 kP i l.4 r b 50 to 2 kPa..a

pr of er 51451550, Peves e TSR e Plermbly X Boet B dinharns B oithcy
the MBMSANY: Qmﬁﬁ@hﬂ@@gwhﬁdypqaqbon f|UId feed with the solid-supported
netallate salt w thout e application of heat, and refinery product
streans may be conveniently treated at the tenperature at which they energe
fromt i i i I ted
et al | 2 B D B B
fluid fsbwle fcahorsaﬁduacmegle anioe t{Tousnflatd ray,| ieamsrtain pmbodmertﬁﬁ rehessept cury

in the mercury talnln rbon fluid feed.to. t ans fer ionic
| qui @ Rag e flep oS0t 6 S BREE medf e b bR bRl "} BT oo

i ncl 1@lendth@miBadoliihmutad t o -S-disdkylisnidamliempr ef errﬁtalrly pr]m fay, ninnuweptirt 0 2
hours, and nost preferabl fromO0.5 mnutes to 1 hour. _In ac cordance W th
the forEYNdigenispeRresett t%'ﬁeoﬁ RPEH ENERS: BHeN ﬁér%thUEeoﬁf ghlpride (B-17) and

hydr ocarbamef (mh¢ feed may be contacted with the ionic liquid or the

sol i d- supported hetallate salt by either continuous processes or batch
processes. In aspects of the invention that use a non- supported ionic
l'iquid, e, onic. liqui e i | feed
may bel%%ﬂfg% @é‘%ﬁ¥%§égﬂang%%@%% ongﬁ&fggﬁlﬁhﬂhgf qU|UﬁR? gxﬁﬂﬁh%ﬁ

cont tEtiaic dippids alefised Iabaaeereiapt:exeu tout sy pke%erﬁngerwfamluwproﬁmredl that ance,

t he |on|c l.iquid and the nerc containing h drocarbon 1y be
oot o dhere s ey SBa e a10aer. B e, oty Ao giints pucats LTt IRl

LT qui d-wji Gé'p&wcp@rmr%céd?fcenﬁ‘aWtﬁé nﬁé{élrc%ﬂbngfm ]bhél%&'cﬁ@r@b@%h%rach%f the
co-current gas-liquid contactor, a liquid-liquid batch contactor, or a

gas- Ildﬁn&iQ@éﬂdNIb@ﬁﬂéeﬂor 15 In aspects of the invention that use a
supported ionic liquid or a solid-supported netallate salt, contacting is
preferably carried out using a fixed-bed contactor apparatus in which the
mer c20 yi-heoomrganici cnaguohyc[Cat]aabdaranﬁdnsi p(‘]f@tdmedsaqwesad gorerally singlecchiaegbdf

solid-s ofted ionic | d or, splid-supported tall te S

cont aciO Hateyte 1t peeedante Bt B PsBIS SRt ationel ctdisehtal tertby  bed
scr ubbign@/drq¥a maarsbréserf doke Halinh @ Rt ehaigs; fdrﬂnétBﬁc@@BUblS)UQHﬁly- or
processes of the invention, contacting of the hydrocarbon fluid feed with

t he i ofiu@dryphuriepreed tiges. sdﬁqr@@ﬁmr& I'mstay patideryified aﬁaﬁmtfé(aé@?*@ i out
conti n"b%ﬁﬁl'yycharged anion falling within the definition of [XT].

25

The molar ratio of [Cat’] to [M*] in the ionic liquid is preferably in the range of from 10:1 to

1:2, more preferably in the range of from 5:1 to 1:2, and most preferably in the range of
from 2:1 to 1:1. It has been found that a molar ratio of [Cat’] to [M*] of from 2:1 to 1:1
allows the metal loading of the ionic liquid to be maximised, without losing the ability to

30 control the properties of the ionic liquid (for example, melting point and water miscibility)



25 until the oxidising capacity of the ionic |iquid/solid-supported

metallate salt falls hel ow a lisefill | evel at whi ch stane the ionie
liquid/s es
of the i t

may be reused with a series of batches_of hydrocarbon fluid feed, until
such tinme as 30 the oxidising capacit 26f the ionic Ii qui d/ sol i d- supported
netallate salt falls below a useful level. W) 2012/046057PCT/ GB2011/ 051906
- 31 - In accordance with the processes of the present invention, the ionic
i quidQr ; alt extracts at |east 60 wt% of the
mer curfgég%tehﬂ?e%rﬁ'%ﬁ(gbr%@?c%é?@ﬁ(%g tgisj'ni ng hydrocarbon fluid feed. Mre
preferably, the ionic liquid or solid-supported netallate salt extracts at

| east w% still nore preferably at |least 80 w % still re 5.

pr ef er apiFy aF '\qghdét“ o %&G&{‘ﬁ% 9 p‘eiyrBrreéeBtr BYEPUGN (1a%P9 %rggﬁr%bw%ma@d most
pr ef er aBltyof Hieaictdl dabfiam [I09 totdh iohictliagidTEPrEbigotheemio®br bANs of the salt

mer cury- cont ai ni ng hydrocarbon fluid feed. Thus, in accordance with the

pr oc_e@@é% ”@ﬂ SgRE ?ﬁﬁ’_@eiﬁf"ci lidvichenien, (X dpariedanasonhe matdl sal 'B?)S(H’ﬂ?f?r% be
obt ai ”%n@?ib@% [EMRE Anfth, 5685 ad BRIt Mn8n 54 BrdhiBE Rl Y | ess than 30 wt %
nore preferably less than 20 wt% still nore preferably I ess than 10 wt %
still nmore preferably less than 5 w% and nost preferably less than 1 w %

pr of or AT HHREFEP BF pefoarf PR ARG R TRt PR A B et kB o ™

the prepdBEsr,o0f the invention is |l ess than 50 ppb, nore preferably | ess
than, 10 ppb, nore preferably less than 5 ppb, still nore preferably |ess

t han' ppb, still nore preferably |ess than 1 ppb, yet still nore

pr ef er ablayplesited BRBoGiINRARIR the/ Blvedtibd, thEBF&aPioRl R AR! dorhifigd WAL 3r PPD.
and nost preferably less than 0.1 ppb. 20 In preferred enbodi nents of the
i nvent ingere ligands e doin gueebriiination sometexah Pegiercdit XK hsoatprisesione ornoge

mercury, . . | | 0 r ¥ r a at
Tenst SR Saie, R Hnflor 87 Boariusrtoliel Mo S i T VBB e

pr ef er adriy liqhid Ineays tordPrisd Peuredl Gpeyies hdtedaecapadld ot aordivaiiiy tootheinostht
quuL%.an@Aﬁercur @nd excl usi ve of 25 any solid support which nmay be used.
In atfien Bh | fPﬁ%X%P g&LuBes ghd PRESKNRRSht i on nay be repeated on the sane
mercury- containing hydrocarbon fluid feed in a series of contacting steps,
e.g. two to ten, to obtain a successive reduction in the nercury content of
t he hydiretesamwrihe capdination sempiax kascthedomtlep. Alternatively, the process
of the invention may be used to suppl enent another conventional mercury
removal process. However, one advantage of the present invention is that it
avoi ds the need for pre-treat menfM5hH,(LHg]M8r ocarbon fluid to renove
solidified species prior to the nercury renoval step. WO

201 46057PCT/ GB2011/ 051906 - 32 - It will be appreciated that the
processes ofwHdginPr esekhi M‘V’erﬂidbgéndﬁrﬂlxls%r@se?ﬂ§gi frethleRnPIWT ess dbfed he
renoval of nercury from hydrocarbons. such, the process may readily be

i ncorporated into a maAbOVetRRYEND? 6B@eiAig+of hydrocarbon raw material s,

such as crude oils, a (o 1 ial. 0 i i i .
mul ti stage processi ng%gP ﬁg' Hg%%‘%@grgﬁ%}se%ﬁ%%n:tsnéﬁ%@arﬁé\gﬁ%gléég}@w as
distillation, crackingisdedardfication and desul furization. Such processes
are | I understood by gsgésf s5oé fki I inthe art. In a fourth aspect, the
preseht invention provi 'fiePude 8f%an ionic Iiquid as defined above for
the renoval of nercuri§pOB) 4 3761 &Wnyg- cont ai ni ng hydrocarbon fluid. 10
Preferably, said use conprises or consists of carrying out a process as
defi ned above. In an'gBt h 48péct, the present invention provides the use
of an ionic liquid imobilised on a solid support as defined above for the
renoval of nercury froma mercury-containing 15 hydrocarbon fl uid.
Pr ef er dbwijl,besappreciatedctvap thes esad rstrtiohusé of sheotoardinaliomgooplexa aprdbes theas
. I&?Q/a u%%vc%'n, m, X and y, depends on the chemistry of the particular metals and ligands

that are used. Suitable structures are readily deducible by persons of skill in the art

using basic principles of coordination chemistry.



In a fifth aspect, the present invention provides the use of a solid

suppor

froma I ses
or con

invention will now be described by way_of exanple and by reference to the
25 acconpanying figures, in which: é@lre 1 is a graph showi ng a conparison
of the extractive capacity of ionic I i qui ds having netal |l ate ani ons,
non-ionic liquid netallate salts, and non-ionic liquid nonnetal |l ate salts.
30 Fig na @%%”é W ng a
conpar ﬁ%fﬁ?%t#lﬂ échaﬁgc’f"fel;?eﬁ?@ﬁt nic ﬁ%‘%‘!‘qﬁ?@g‘;”s%gggiééégs n act‘%@aet% ecsj%k} gr bon
and pof@tikamsd [Sdas and a commercial sul fur-inpregnated activated carbon to
remove nercury froma gas stream WD 2012/ 046057PCT/ GB2011/ 051906 - 33 -
EXAMPLES As used in the followi ng exanples: 5 [Chmirn] refers to a

1-al kylM&ermbfeyéblm @@éhou wnrw@be@dentny ¥ filoen Abkdd agibAsPpeBalidd BSN
carbon at ons ]J fers to a tetraal ky|amoni um cation in whi ch the
al kyI M'%@@Oﬁﬁ [9 ?”ﬁlﬁ% Iz Fosepampias §agh eé’bﬁ%?? {ndependently selected

[ Pw, X ef t | C onRe i a
groups)ﬁhoﬁ/g] [GQO[B@ ﬂ] nga@id% ﬁnatomsm@egl)e[gw]v R@O V\ﬂ{ér&HER i

Ext ractdeﬁned)fabevaar[t@nlaﬁd Eﬁar]cury by copper-cont ai ni nq i oni c I | qU| ds

1-Butyl -3-nmet hyl i m dazoliumchloride (5 g, 29 mml) and copper(l1) chloride
di hydrate 15 (5 g, 29 mml) were conbined in a flask and heated to 70 C
under \Racferdbly,o(rg-vg) B YehdgativOrmumbet sPohin Onx-my).id 37 nggatfvet hembet theas
contﬂft ed with 0.0183 % *emant al marcurri/] and heated in a sealed tube to 60
C ov rﬁosmmftt@”ﬁoénﬂe’é gglesreddpingrrin @sia metallgisi @e%-qui d containing a pal e
off white 20 precipitate. 10 cnB of deionised water was added to the

m xture, filtered, and diluted to 50 cnB. 1 cnB of _the dlluted sol utlon was
f ur t hePadiicularypretersn meliafetanions inellde fFa@itle (CUGHR, Q&G and Bd0S4T.on was
anal ysed for nmercury using a M| estone DVA-80 direct mercury anal yser. The
solution was found to contain 3.270.21 ppm nercury, denonstrating that 0.22
g of MFM?JIaneanugna;Qdﬁflnbdiauoab niéa),nbe:fdrhtﬁaiimyﬂme(hdmam @f@m:&lsdlt%tﬁe?to a
watef_soluble tonic form conpared to a theqre 0,294 g
ror cli JodEE o RTEDEITE (56 TR GuEr Pon ORRR M s %f?ﬁlﬁ)sagea%%tf%

Ext r acthh&@BIRE slggment al nercury by copper-containing ionic |iquids

2012/ 046057PCT/ GB2011/ 051906 - 34 - analysed as in Exanple 1 and was found
to contain 7.020.24 ppmnercury in the analyte solution, corresponding to

1o, TRUAHEY SR e TR s PR 160, 9 gl T
1- but ylsuah rast [bmlmmccl]azrmlalnunmmhlqurd uberrmtni icropgpter 6ff 1)1, ¢id meltaiesadldmyrmmSa
0. 18

dvvasad to a sanpl e vj
doderS e 41T FU0BenTes ML antorth it bom . iy bang dogi TarRye
[nhxt Ur @b [erom Qﬂhé’r‘éﬁf[’ﬂe@m rédreS8bntSthel H@tél@wbéma@xdodecane phase was
en
Where the ionic liquid is prepared by adding CuCl, to a chloride ionic liquid, such as
[bmim]’[CI], in an ionic liquid to metal ion ratio of 2:1, the metal salt combines with the
25 chloride of the ionic liquid to form an ionic liquid having the formula ([bmim]")2([CuCls*),

wherein [CuCI4]2' represents the metallate complex.

Alternatively, where the ionic liquid is prepared by adding CuCl; to a chloride ionic liquid,
such as [bmim][CI], in an ionic liquid to metal ion ratio of 1:1, the metal salt combines
30 with the chloride of the ionic liquid to form an ionic liquid having the formula

([omim]")2([CuzClg]*), wherein [Cu,Clg]* represents the metallate complex.



10 anal ysed for total nercury concentration and was found to contain 34.9

ppb of ecane
An i oni
1 bUty| -9~ III:LII_yI 111 uacvul 1 Uil L LUlll VI 1 Ut alilu \.,U}J}JUI \I 1 } Uil Ul 1 Uuc ul ||yU| at e

0.275 g of the ionic liquid was added_to a sanple vial with 10 cnB of
dodecane and 0.069 g of HgCl2, corres%ﬂ)ndl ng to a total nmercury content of
8115 ppm and the resulting mxture was stirred overnight at 60 C. The
resul ti ng dodecane phase was then anal ysed for total nmercury concentration
and wa j The i und
to con?ta@ﬁ% ééi)gﬁglgé%ﬁ%%dm tz\rﬁr‘ee?%dhré;%e urtrﬁgeo“hﬁzliérggh ¥Ibég(%'}H@§)nicpHgC12
was t hdiquidddayl coroptiseea mixtue ef mathlistei am@ds drok ngmeomplgxed@anddsCX].The

resul ti ng dodecane phase was then anal ysed for total nercury concentration
and was found to contain 96.75 ppb of nercury, i.e. 0.46 (:)/0 of the

i ni ti alThéSon@riiguids rmncgembrf@tmda [CaTREMPXT] prdferqmydma/v@Sa fm;un@ PSINCOMRZU N
292, 000 ppm of mercur r’rB 5: Extraction of nercury oxi de from
dodecan€ qxde%ﬁn%remraé@'sﬁéé pFepdpesd still Brara pPreferabhy é@o pr sgf still more

1- butyl io [ d [ ate.
0. 22 4 "Ly oA HE PR 4T B C RGBT, BRURERRRIL e aifiBag PELE LS
dodecar® &nhd 0.0114 g of HgO corresponding to a total mercury content of
1696 ppm and the resulting m xture was stirred overnight at 60 C. The
resul ti ng dodecane phase was then anal ysed for total nercury concentration
and  Wih 2oh @ARSNITRETs G2 thbLIehit the3fnic Wauwid frasndontprisenineitinglgoidb ppb
of cury. The ionic I,jgwd was found to contain 4.8 wt% of mercu

. A
f ur t R SUPRIGSgRNS a9 agEey of YRGDywage! it PO asPrr 85 aditves earﬁnﬁg%% rred
for onghprEaHE iBhicOfhlid ORI hidisty @OERCANE RRRSRYI ubﬁ%ta&ﬁ' ysiefl for

)
total nmercury concentration and was found to contain \é% 95 ppb of nercury.
The i omydradequbdngmdof bantheltimge painkisyppiessingt asiditiverer Sw’@ble Eml’ﬂpgep@nt

Extract :HBEre%fsmg %dﬁme%l ar%ewglllJ[(XO\Lé cfr?tlﬁjé) %?tlcaa%% |?1?IU'8P étﬂﬂéﬁe Bl Yol

prepar e rom lar ratio o azol oride and
copper (uréa, atlal gende di hydrate. 0.23 g of the ionic liquid vvas added to a
sanp vial with 10 cnB of dodecane containing 0.0488 g of el enmental
mercufy, and the resulting m xture was stirred overnight at 60 C. The

resul tiRGtHAeREREMBRASS tHaSnidin IPmaP ey SRtk tha@ R iohRY IR is free of
concentration and was found to contain 946.7 ppb of nercury. The ionic

| i qui d elEng paintisurpressmag@diives? wt % of mercury. The resultant m xture
contained IL saturated with nmercury, hydrocarbon saturated with mercury and
a small amount of dispersed elenmental nercury. 20 A further charge of

0. 0768 lighas bédrefouaditicatithe pratesa ©f tﬁmpreaddtedverdldnhe not panticeladndessitive &ed f or

one r at 60 C. ,The resulting dpdecane e was then anal ysed foqr total
o Al e SRR A RIeh T (U EE G A aoRes o Wec orethioua D) BBl of
rrer CUr Yyith TRRIrb&5r8bh Sstr@bnfeX@dEPlcBipasé & ﬁlr%r%@B@%nl of wadat.e 1d-addhionV¥Pe
2012/ 046057PCT/ GB2011/ 051906
ionic liquid itself may comprise a minor proportion of water. Preferably, the water content
of the starting ionic liquid is less than 30 wt%, more preferably less than 20 wt%, more
preferably less than 10 wt%, and most preferably less than 5 wt%. For example, the use
25 of a hydrated salt (such as CuCl,'2H;0) to prepare the ionic liquid may give rise to a

minor proportion of water in the ionic liquid.

Most preferably, the ionic liquid is chosen so as to be substantially immiscible with the
hydrocarbon fluid, particularly where the hydrocarbon fluid comprises a liquid

30 hydrocarbon.

It has also been found that efficient partitioning of mercury from liquid and gaseous

hydrocarbons is obtained using the processes of the present invention without the need



- 36 - Table 1 Exanple No. Initial[Hg]inSystem/121Prn Final[Hg]in Cl12 /ppb
C12

Hg in IL
8115 42.

-25-

for additives, such as cosolvents and/or mercury-complexing ligands and/or additional
oxidants and/or redox intermediates, in the ionic liquid composition. Thus, in one
preferred embodiment, the ionic liquid is free of cosolvents. In a further preferred
embodiment, the ionic liquid is free of mercury-complexing ligands. In yet a further
5 preferred embodiment, the ionic liquid is free of additional oxidants. In still a further
preferred embodiment, the ionic liquid is free of additives which may function as redox

intermediates.

In a further preferred embodiment, the ionic liquid may be immobilised on a solid support

10 material.

In a second aspect, the present invention provides a process for the removal of mercury

from a mercury-containing hydrocarbon fluid feed, the process comprising the steps of:

15 (i contacting the mercury-containing hydrocarbon fluid feed with an ionic
liquid immobilised on a solid support material, where the ionic liquid has
the formula:

[Cat'][M"][X]

20 wherein: [Cat’] represents one or more organic cationic species,
[M*] represents one or more metal cations selected from transition
metal cations having an oxidation state of +2 or greater.

[X] represents one or more anionic species;

25 (i) separating from the ionic liquid a hydrocarbon fluid product having a

reduced mercury content compared to the mercury-containing fluid feed.

In accordance with this second aspect of the invention, the ionic liquid is preferably as
defined in connection with the first aspect of the invention. Preferred definitions of [Cat™],
30 [M*] and [X] identified in connection with the first aspect of the invention are also
preferred in connection with this second aspect of the invention. Furthermore, the metal

cation [M*] may be combined with one or more ligands to form a coordination complex,



946. 7 21.2 Second charge of Hg 4 HgCl2 12784 96.75 29.2 5 HgO 3958 69. 95

11.1 Second charae of IL 6 Ha(0) 7738 65.55 15.9 [ Hal refers
to nmerc f
el enent

eutectic flurd 10 A mxture of choli ng chloride (30 g) and ethyl ene glycol
(60 g) was prepared by m xi ng and heat ng to 50 C to ensure the choline
chl ori de was thoroughly dissolved follow ng the procedure described by
Abbott et al., PCCP 2009, 11, 4269. Copper chloride dihydrate (1.3 g, 7.6

mm' ) ﬁﬁéfekf!?‘i‘ et atngﬁwk%l%%éé‘& ol @r ?ﬁﬂeﬁiu@ﬁ{'\ﬁﬂ?tr@ ¥fe®laspUEEst tife (4. 76

to give a gr een- Iack
invention.

Preferably, the solid support material used according to the above aspects of the present

5 invention comprises or consists of a porous support material. Particularly preferred
porous support materials are those having a BET surface area of from 10 m*g™” t
3000 m*g™", more preferably from 20 to 1000 m*g™, still more preferably from 50 to 500
m?g”, and most preferably from 100 to 300 m* g™

10 The solid supports used according to the above aspects of the present invention are
preferably in the form of pellets, granules or beads having a mass mean diameter in the
range of from 0.1 mm to 100 mm, more preferably 0.5 mm to 50 mm, and most

preferably 1 mm to 10 mm.

15 Examples of preferred porous solid support materials used according to the above
aspects of the present invention include silica, alumina, silica-alumina, and activated

carbon. Most preferably, the solid support material is silica.

In general, supported ionic liquids for use according to the above aspects of the
20 invention comprise from 1 to 50 wt% of ionic liquid, more preferably 10 to 30 wt% of ionic
liquid, and most preferably 15 to 25 wt% of ionic liquid, based on the total weight of ionic
liquid and solid support. Solid supports containing these ratios of ionic liquid have been
found to provide maximum surface area without blocking the pores of the support, or
reducing the contact velocity.
25
In accordance with any aspects of the invention disclosed herein, the ionic liquid and the
mercury-containing hydrocarbon fluid feed are preferably contacted in a
hydrocarbon:ionic liquid volume ratio of from 1:1 to 10,000:1, more preferably from 20:1
to 10,000:1, more preferably from 100:1 to 10,000:1 and most preferably 1000:1 to
30 10,000:1. In general, a smaller volume of ionic liquid relative to the amount of

hydrocarbon is preferred as this prevents the formation of emulsions.
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0 °C to 250 °C, more preferably from 10 °C to 150 °C, still more preferably from 20 °C to
10 100 °C, still more preferably from 40 °C to 80 °C, and most preferably from 50 °C to 70
°C.

The mercury-containing hydrocarbon fluid feed may be contacted with the ionic liquid at
atmospheric pressure (approximately 100 kPa), although pressures above or below

15 atmospheric pressure may be used if desired. For instance, the process may be
conducted at a pressure of from 10 kPa to 10000 kPa, more preferably from 20 kPa to
1000 kPa, still more preferably 50 to 200 kPa, and most preferably 80 to 120 kPa.

Generally, it is most economical to contact the mercury-containing hydrocarbon fluid feed
20 with the ionic liquid without the application of heat, and refinery product streams may be
conveniently treated at the temperature at which they emerge from the refinery, which is

typically up to 100 °C.

The ionic liquid is allowed to contact the mercury-containing hydrocarbon fluid feed for
25 sufficient time to enable at least a portion of the mercury in the mercury-containing
hydrocarbon fluid feed to transfer into the ionic liquid phase. Suitable timescales include
from 0.1 minute to 5 hours, more preferably from 0.2 minutes to 2 hours, and most

preferably from 0.5 minutes to 1 hour.
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wherein: each M** independently represents a metal cation [M*] as defined
10 above, having a charge of x+;
each L” independently represents a ligand having a charge of y-;
nis1, 2 or3;
mis 2, 3,4,5,6,7or8§;
xis 2, 3,4, 5 or6;
15 yis0,1,2o0r3,
(nx-my) is a negative number, and
[Q] represents one or more inorganic cations having a total charge

of (my-nx); and

20 (i) separating from the ionic liquid a hydrocarbon fluid product having a

reduced mercury content compared to the mercury-containing fluid feed.

It will be appreciated that the exact structure of the metallate anion [(M*)o(LY)m] ™™, and
thus the values of n, m, x and y, depends on the chemistry of the particular metals and
25 ligands that are used. Suitable structures are readily deducible by persons of skill in the

art using basic principles of coordination chemistry.

Preferably, each L is independently selected from anionic species [X] as defined above,
as well as [0*] and [S?].

30
More preferably, each L' is independently selected from halide anions, perhalide ions,

carboxylate anions, [0*] and [S*]. For example, each LY may be independently selected
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from [FT, [CIT, [BrT, [IT, [Ns], [NCST, [NCSe[’, [NCOT, [CN], [R2CO,], wherein R? is as
defined above, [0%] and [S].

Particularly preferred metallate anions include [FeCl,], [CuCls]*, [CusCle]* and [MoS4]*.

[Q"] preferably represents one or more ions selected from [Li]*, [Na]", [K]*, [Mg]**, [Ca]*",
and [NH4]". More preferably, [Q"] represents one or more ions selected from [Li]*, and
[Na]".

In accordance with this aspect of the invention, particularly preferred metallate salts
include [Li]*2[CuzClg]*, and [Li]*2[CuCls]*.

In accordance with this aspect of the invention, the solid-supported metallate salt is
preferably contacted with the mercury-containing hydrocarbon fluid feed at a temperature
of from 0 °C to 250 °C, more preferably from 10 °C to 150 °C, still more preferably from
20 °C to 100 °C, still more preferably from 40 °C to 80 °C, and most preferably from 50 °C
to 70 °C.

The mercury-containing hydrocarbon fluid feed may be contacted with the solid-
supported metallate salt at atmospheric pressure (approximately 100 kPa), although
pressures above or below atmospheric pressure may be used if desired. For instance,
the process may be conducted at a pressure of from 10 kPa to 10000 kPa, more
preferably from 20 kPa to 1000 kPa, still more preferably 50 to 200 kPa, and most
preferably 80 to 120 kPa.

Generally, it is most economical to contact the mercury-containing hydrocarbon fluid feed
with the solid-supported metallate salt without the application of heat, and refinery
product streams may be conveniently treated at the temperature at which they emerge

from the refinery, which is typically up to 100 °C.

The solid-supported metallate salt is allowed to contact the mercury-containing
hydrocarbon fluid feed for sufficient time to enable at least a portion of the mercury in the

mercury-containing hydrocarbon fluid feed to transfer into the ionic liquid phase. Suitable
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In accordance with the foregoing aspects of the invention, the mercury-containing
5 hydrocarbon fluid feed may be contacted with the ionic liquid or the solid-supported

metallate salt by either continuous processes or batch processes.

In aspects of the invention that use a non-supported ionic liquid, the ionic liquid and the
mercury-containing hydrocarbon fluid feed may be contacted using any conventional
10 liquid-liquid or gas-liquid contactor apparatus in accordance with the present invention.
For instance, the ionic liquid and the mercury-containing hydrocarbon fluid feed may be
contacted using a counter-current liquid-liquid contactor, a co-current liquid-liquid
contactor, a counter-current gas-liquid contactor, a co-current gas-liquid contactor, a
liquid-liquid batch contactor, or a gas-liquid batch contactor.
15
In aspects of the invention that use a supported ionic liquid or a solid-supported metallate
salt, contacting is preferably carried out using a fixed-bed contactor apparatus in which
the mercury-containing hydrocarbon fluid feed is passed over a fixed bed of solid-
supported ionic liquid or solid-supported metallate salt. Suitable contactors include fixed-
20 bed continuous contactors, such as a fixed-bed scrubbing tower, and fixed-bed batch

contactors.

In the continuous processes of the invention, contacting of the hydrocarbon fluid feed
with the ionic liquid or the solid-supported metallate salt may be carried out continuously
25 until the oxidising capacity of the ionic liquid/solid-supported metallate salt falls below a

useful level, at which stage the ionic liquid/solid-supported metallate salt is replaced.

In the batch processes of the invention, the ionic liquid or the solid-supported metallate
salt may be reused with a series of batches of hydrocarbon fluid feed, until such time as
30 the oxidising capacity of the ionic liquid/solid-supported metallate salt falls below a useful

level.
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In accordance with the processes of the present invention, the ionic liquid or solid-
supported metallate salt extracts at least 60 wt% of the mercury content of the mercury-
containing hydrocarbon fluid feed. More preferably, the ionic liquid or solid-supported
metallate salt extracts at least 70 wt%, still more preferably at least 80 wt%, still more
preferably at least 90 wt%, still more preferably at least 95 wt%, and most preferably
greater than 99 wt% of the mercury content of the mercury-containing hydrocarbon fluid
feed.

Thus, in accordance with the processes of the present invention, a hydrocarbon fluid
product may be obtained which contains less than 40 wt%, more preferably less than 30
wt%, more preferably less than 20 wt%, still more preferably less than 10 wt%, still more
preferably less than 5 wt%, and most preferably less than 1 wt% of the mercury content

of the mercury-containing hydrocarbon fluid feed.

Preferably the mercury concentration of the hydrocarbon fluid product of the processes
of the invention is less than 50 ppb, more preferably less than 10 ppb, more preferably
less than 5 ppb, still more preferably less than 2 ppb, still more preferably less than 1
ppb, yet still more preferably less than 0.5 ppb, yet still more preferably less than 0.2 ppb,
and most preferably less than 0.1 ppb.

In preferred embodiments of the invention, an ionic liquid is obtained which contains at
least 2 wt% mercury, more preferably at least 5 wt% mercury, still more preferably at
least 10 wt% mercury, still more preferably 15 wt% mercury and most preferably at least
20 wt% mercury, based on the total weight of ionic liquid and mercury and exclusive of

any solid support which may be used.

In addition, the processes of the invention may be repeated on the same mercury-
containing hydrocarbon fluid feed in a series of contacting steps, e.g. two to ten, to obtain
a successive reduction in the mercury content of the hydrocarbon fluid product at each
step. Alternatively, the process of the invention may be used to supplement another
conventional mercury removal process. However, one advantage of the present
invention is that it avoids the need for pre-treatment of the hydrocarbon fluid to remove

solidified species prior to the mercury removal step.

0.

58
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It will be appreciated that the processes of the present invention provide a single-step
process for the removal of mercury from hydrocarbons. As such, the process may
readily be incorporated into a multistage processing of hydrocarbon raw materials, such
as crude oils, as used in commercial oil refineries. Typical multistage processing of
5 hydrocarbons may involve processes such as distillation, cracking, deacidification and

desulfurization. Such processes are well understood by persons of skill in the art.

In a fourth aspect, the present invention provides the use of an ionic liquid as defined
above for the removal of mercury from a mercury-containing hydrocarbon fluid.
10

Preferably, said use comprises or consists of carrying out a process as defined above.

In a fifth aspect, the present invention provides the use of an ionic liquid immobilised on a
solid support as defined above for the removal of mercury from a mercury-containing

15 hydrocarbon fluid.

Preferably, said use comprises or consists of carrying out a process as defined above.

In a fifth aspect, the present invention provides the use of a solid supported metallate salt
20 as defined above for the removal or mercury from a mercury-containing hydrocarbon
fluid. Preferably, said use comprises or consists of carrying out a process as defined

above.

The present invention will now be described by way of example and by reference to the

25 accompanying figures, in which:

Figure 1 is a graph showing a comparison of the extractive capacity of ionic liquids
having metallate anions, non-ionic liquid metallate salts, and non-ionic liquid non-
metallate salts.

30
Figure 2 is a graphical representation of the data in Table 8, showing a comparison of the
capacity of ionic liquids supported on activated carbon and porous silicas and a

commercial sulfur-impregnated activated carbon to remove mercury from a gas stream.
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EXAMPLES

As used in the following examples:

e [C,mim] refers to a 1-alkyl-3-methylimidazolium cation in which the alkyl group
contains n carbon atoms

e [Nwxy] refers to a tetraalkylammonium cation in which the alkyl groups have w, x,
y and z carbon atoms respectively.

o [Puxy] refers to a tetraalkylphosphonium cation in which the alkyl groups have w,

X, ¥ and z carbon atoms respectively.

Example 1: Extraction of elemental mercury by copper-containing ionic liquids

1-Butyl-3-methylimidazolium chloride (5 g, 29 mmol) and copper(ll) chloride dihydrate
(5 g, 29 mmol) were combined in a flask and heated to 70 °C under vacuum to give a

yellow-brown viscous oil.

0.037 g of the oil was contacted with 0.0183 g elemental mercury and heated in a sealed
tube to 60 °C overnight to yield a pale, slightly blue ionic liquid containing a pale off white
precipitate. 10 cm® of deionised water was added to the mixture, filtered, and diluted to
50 cm®. 1 cm® of the diluted solution was further diluted to 50 cm® with deionised water.
The resulting solution was analysed for mercury using a Milestone DMA-80 direct
mercury analyser. The solution was found to contain 3.27+0.21 ppm mercury,
demonstrating that 0.22 g of mercury per gram of initial ionic liquid had been converted
into a water soluble ionic form, compared to a theoretical uptake of 0.294 g/g mercury

based on two electron reduction of Cu(ll) to Cu(l).

Example 2: Extraction of elemental mercury by copper-containing ionic liquids

The copper(Il)-containing ionic liquid of Example 1 was contacted with 0.355 g elemental

mercury and heated in a sealed tube to 60 °C overnight. The resulting mixture was

18 6.3139 6577 0.66 1.65224 39.81% [ N4441]C:CuC 2 6

18
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Example 3: Extraction of elemental mercury from dodecane

An ionic liquid was prepared from a 2:1 molar ratio of 1-butyl-3-methylimidazolium
chloride and copper(ll) chloride dihydrate. 0.18 g of the ionic liquid was added to a
sample vial with 10 cm® of dodecane containing 1000 ppm of elemental mercury, and the
resulting mixture was stirred overnight at 60 °C. The resulting dodecane phase was then

10 analysed for total mercury concentration and was found to contain 34.9 ppb of mercury.

Example 4: Extraction of mercury(ll) chloride from dodecane

An ionic liquid was prepared from a 2:1 molar ratio of 1-butyl-3-methylimidazolium
15 chloride and copper(ll) chloride dihydrate. 0.275 g of the ionic liquid was added to a
sample vial with 10 cm® of dodecane and 0.069 g of HgCl,, corresponding to a total
mercury content of 8115 ppm, and the resulting mixture was stirred overnight at 60 °C.
The resulting dodecane phase was then analysed for total mercury concentration and
was found to contain 42.75 ppb of mercury. The ionic liquid was found to contain

20 176,000 ppm of mercury.

A further charge of 0.0397 g of HgCl, was then added to the mixture and stirred for one
hour at 60 °C. The resulting dodecane phase was then analysed for total mercury
concentration and was found to contain 96.75 ppb of mercury, i.e. 0.46 % of the initial

25 mercury concentration. The ionic liquid was found to contain 292,000 ppm of mercury.

Example 5: Extraction of mercury(ll) oxide from dodecane

An ionic liquid was prepared from a 2:1 molar ratio of 1-butyl-3-methylimidazolium
30 chloride and copper(ll) chloride dihydrate. 0.22 g of the ionic liquid was added to a
sample vial with 10 cm® of dodecane and 0.0114 g of HgO corresponding to a total
mercury content of 1696 ppm, and the resulting mixture was stirred overnight at 60 °C.

The resulting dodecane phase was then analysed for total mercury concentration and
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was found to contain 13.25 ppb of mercury. The ionic liquid was found to contain 4.8

wt% of mercury.

A further charge of 0.0152 g of HgO was then added to the mixture and stirred for one
5 hour at 60 °C. The resulting dodecane phase was then analysed for total mercury
concentration and was found to contain 69.95 ppb of mercury. The ionic liquid was found

to contain 11.1 wt% of mercury.

Example 6: Extraction of elemental mercury from dodecane
10

An ionic liquid was prepared from a 2:1 molar ratio of 1-butyl-3-methylimidazolium

chloride and copper(ll) chloride dihydrate. 0.23 g of the ionic liquid was added to a
sample vial with 10 cm® of dodecane containing 0.0488 g of elemental mercury, and the
resulting mixture was stirred overnight at 60 °C. The resulting dodecane phase was then
15 analysed for total mercury concentration and was found to contain 946.7 ppb of mercury.
The ionic liquid was found to contain 21.2 wt% of mercury. The resultant mixture
contained IL saturated with mercury, hydrocarbon saturated with mercury and a small

amount of dispersed elemental mercury.

20 A further charge of 0.0768 g of the ionic liquid was then added to the mixture and stirred
for one hour at 60 °C. The resulting dodecane phase was then analysed for total

mercury concentration and was found to have been reduced to 65.55 ppb of mercury.

The results of Examples 3 to 6 are shown in Table 1.
25
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Table 1

Example No. Initial [Hg] in System | Final [Hg] in | HginIL/%
/ppm Ci2 /ppb

3 Hg(0) | 0.00202 34.9 0.0000069

Initial charge of Hg

4 HgCl, | 8115 42.75 18.5

5 HgO 1696 13.25 4.8

6 Hg(0) | 7833 946.7 21.2

Second charge of Hg

4 HgCl, | 12784 96.75 29.2

5 HgO 3958 69.95 11.1

Second charge of IL

6 Hg(0) | 7738 65.55 15.9

[Hg] refers to mercury concentration

5 C1, refers to dodecane

Example 7: Extraction of elemental mercury by copper-containing choline

chloride/ethylene glycol eutectic fluid

10 A mixture of choline chloride (30 g) and ethylene glycol (60 g) was prepared by mixing
and heating to 50 °C to ensure the choline chloride was thoroughly dissolved following
the procedure described by Abbott et al., PCCP 2009, 11, 4269. Copper chloride
dihydrate (1.3 g, 7.6 mmol) was then added to the choline chloride/ethylene glycol
eutectic (4.76 g, 11.4 mmol) to give a dark green-black fluid.

15
Elemental mercury (0.35 g) was added to a sample of the eutectic fluid (0.85 g) and
heated overnight at 60 °C. A large volume of pale green precipitate was formed. A
sample of 0.17 g of the liquid was diluted with 5 cm® of deionised water giving a pale
green solution and white precipitate. The solution was filtered and diluted to 50 cm?®, and

20 1 cm?® of the diluted solution was further diluted to 50 cm® with deionised water. The

resulting solution was analysed for mercury using a Milestone DMA-80 direct mercury
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analyser. It was found that the eutectic fluid contained 16.9 wt % water soluble mercury

species, based on the original eutectic mixture.

Example 8: Extraction of elemental mercury by ionic liguids containing different metallate

anions

This example examines the effectiveness of ionic liquids containing different metallate
anions in the extraction of bulk elemental mercury. A sample of each ionic liquid was
contacted with bulk elemental mercury, and stirred at 60 °C overnight, and a small
sample of the resultant ionic liquid extracted into water and analysed for soluble mercury
according to the procedure described in Example 1. The ionic liquids used and the

results obtained are shown in Table 2.

Table 2

Mass percent
lonic Liquid/Metal Salt [Hg] in IL after mercury
(molar ratio IL/metal salt) contacting /ppm dissolved in IL
[Comim][CI}/CuCl. (2:1) 212604 213
[N4,4.4.1][Cl)/CuCl; (2:1) 158917 15.9
[Comim][CI}/CuCl..2H0 (2:1) 255241 255
[N4,4.4.1][Cl)/CuCl,.2H,0 (2:1) 151753 15.2
[C4mim][Br])/CuBr; (2:1) 30542 3.1

Example 9: Extraction of elemental mercury by supported ionic liquids

This example demonstrates the effect of different cations on the extraction of elemental
mercury from natural gas condensate. (from PETRONAS Onshore Gas Terminal, Kerteh,

Malaysia)

A series of ionic liquids was formed using a 2:1 molar ratio of [Q][CI] ionic liquid and
CuCl; (where [Q] represents the ionic liquid cation). Davisil SP540 powdered silica was

impregnated with each of the ionic liquids to obtain supported ionic liquids containing
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was compressed to a wafer and contacted with a stirred reservoir of mercury-containing
condensate for three hours. A comparison using silica without ionic liquid is also

provided. The results are shown in Table 3.

5

Table 3

Mass IL Mass Hg in Starting [Hg]in Final [Hg] in Final [Hg] in
[Q] in wafer condensate condensate wafer IL*

/g /ng /ppm /ppm /ppm
[Csmim] |0.0032 1455 455 361 4750
[Pess14] 0.0032 1228 383 289 1562
[N44a1] 0.0053 1600 301 207 2070
Silica 0.0055 521 94 0 0

*Exclusive of solid support

Example 10: Extraction of elemental mercury by supported ionic liquids
10

This example demonstrates the effect of different cations on the extraction of elemental

mercury from hexane.

A series of chlorometallate ionic liquids was formed from ionic liquids of the formula
15 [Cat’][Cl] and CuCl, at different molar ratios. The ionic liquids were impregnated into

porous silica beads (Johnson Matthey, 2-4 mm diameter, 122 m?g surface area) and

contacted with hexane in the presence of a reservoir of elemental mercury in a stirred

tank reactor for a period of 18 days. The composition of the solid supported IL and was

determined for each IL after 6 days, 13 days and 18 days, and the results are shown in
20 Table 4.
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Table 4
IL Day [Hg]in [Hg]lin Hgin Theoretical Progress to

solution bead bead Hgcapacity saturation

/ppm ppm %  of IL

[Pe6s14]CI:CuUCl> 6 0.7227 651 0.07 0.84972 7.66%
21 13 1.9375 1120 011 0.84972 13.18%
18 25043 2003 0.20 0.84972 23.58%
[Csmim]Cl:CuCl; |6 3.3750 2446 0.24 2.06137 11.86%
21 13 6.2767 5062 0.51 2.06137 24.56%

18 6.9473 5838 0.58 2.06137 28.32%
[Csmim]Cl:CuCl; |6 25714 1773 018  3.23525 5.48%

1:1 13 49129 3388 0.34 3.23525 10.47%
18 9.2259 6363 0.64 3.23525 19.67%
[N4441]CI:CuCl; 6 27097 2203 0.22 1.65224 13.33%
21 13 6.0009 2927 0.29 1.65224 17.72%
18 6.3139 6577 0.66 1.65224 39.81%
[N4441]CI:CuCl; 6 3.0407 2534 0.256 2.70653 9.36%
1:1 13 6.3527 3208 0.32 2.70653 11.85%
18 7.8380 5559 0.56 2.70653 20.54%
[N4441]CI:CuCl; 6 3.2485 1511 0.15 8.20161 1.84%
30% load 13 49564 1967 0.20 8.20161 2.40%
1:1 18 9.6332 8164 0.82 8.20161 9.95%

Example 11: Extraction of elemental mercury by supported ionic liquids

5 This example demonstrates the competitive extraction of mercury from hexane to ionic
liquids and non-ionic liquid salts impregnated into silica spheres (Johnson Matthey, 1.7-4
mm diameter, 135 m*g™ surface area) and Calgon AP4-60 activated carbons. Reaction
conditions are as in Example 10. The data in Table 5 shows that the silica supported
material gave greater uptake of mercury compared to activated carbon supported

10 materials under competitive extraction conditions.
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Table 5
[Hg] in Hgin [Hg] in Hgin
bead bead Error |bead bead Error
lonic liquid and support /ppm wt% (%) |/ppm wt% (%)
After 3 days After 8 days
[bmim]CI/CuCl,
(1:1 on Silica spheres) 857 0.086% O 3560 0.3560 O
[bmim]CI/CuCl,
(1:1 on AP4-60) 535 0.054% 5 882 0.0882% 3
choline:EG/CuCl,
(1:1 on AP4-60) 400 0.040% 3 788 0.0788% 27
choline:EG/CuCl,
(2:1 on AP4-60) 217 0.022% 69 1024 0.1024% 18
[bmim]CI/CuCl,
(2:1 on AP4-60) 110 0.011% M 950 0.0950% 26
[N4.4,4,1]CI/CuCl;
(2:1 on AP4-60) 502 0.050% 27 |966 0.0966% 15

Example 12: Extraction of elemental mercury by ionic liquid salts and non-ionic liquid

metallate salts

This example demonstrates the extraction of mercury from hexane to ionic liquids and
non-ionic liquid metallate salts impregnated into silica beads with a size range of either
0.7 to 1.4 or 1.7 to 4.0 mm diameter (ex Johnson Matthey). Reaction conditions are as
in Example 11. The data is shown in Table 6.

10
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Table 6
[Hg] in Hg in [Hg] in Hg in
bead bead Error |bead bead Error
lonic liquid and support /ppm wt% (%) |/ppm wt% (%)
After 3 days After 8 days
[N444H]C|/CUC|2
1:1 10% on Si#5 3311 0.331 15 14324 1.43242 0.63
[N444H]C|/CUC|2
1:1 20% on Si#5 5092 0.509 5 14128 1.41277 0.90
[N444H]C|/CUC|2
1:1 30% in Si#5 6407 0.640 0.7 14298 1.42978 0.19
[N4441]C|/CUC|2
1:1 10% on Si#5 1919 0.192 21 7680 0.76802 1.87
[N4441]C|/CUC|2
1:1 20% on Si#5 4725 0.472 18499 1.84986 2.13
[N4441]C|/CUC|2
1:1 30% on Si#5 9713 0.971 53 14834 1.4834 0.18
[N4441]C|/CUC|2
1:1 10% on Si#1 7743 0.774 22 26112 2.61119 0.25
[N4441]C|/CUC|2
1:1 10% on Si#2 10273 1.027 4 27432 2.74316 4.62
[N4441]C|/CUC|2
1:1 10% on Si#4 12936 1.294 36 26073 2.60728 0.16
[N4441]2M0S,4
on Si#5 298 0.030 4 3971 0.39705 4.51
[Psss14]2M0OS4
on Si#5 642 0.064 4 2927 0.29272 8.81
[NH4]2MOS4
on Si#5 61 0.061 15 5076 0.50763 7.83
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Example 13: Comparison of extractive capacity of solid-supported ionic liquids having

metallate anions, non-ionic liquid solid-supported metallate salts, and non-metallate salts

This example provides a comparison of the extractive capacities of silica beads
5 impregnated with CuCl,, LiCl/CuCl; (1:1, forming the metallate anion Cu.Clg”), and
[N4.4.44]Cl/CUCly (1:1, also forming the metallate anion Cu.Clg®). The data in Figure 1
shows a clear improvement in extraction with salts containing metallate anions, and a

further improvement when an ionic liquid is used.

10 Example 14: Liquid-IL extraction of total mercury from condensate using
[C4mim]Cl/CuCl,.2H,0 (2:1).

The ionic liquid composition, [Csmim]CI/CuCl,.2H,O (2:1), was prepared by direct
combination, with warming, of the two components, 1-butyl-3-methylimidazolium chloride
15 and copper(ll)chloride dihydrate. Natural gas condensate was contacted with the ionic
liquid at 50:1 condensate:IL mass ratio, stirred at room temperature and the upper bulk
condensate phase periodically sampled for direct mercury analysis using a Milestone

DMA-80 mercury analyser.

20 The results are shown in Table 7, and demonstrate that after 60 min, approximately 75%
of the total mercury in the sample had been removed, and after 1 day, the mercury

content had been reduced to less than 3 ppb.

Table 7

Time /min Mercury concentration in
condensate /ug kg™ (ppb)

0 96.95

20 62.47

40 36.84

60 25.63

1440 2.58

25
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Example 15: Scrubbing of mercury from a gas by supported ionic liquids

Extraction of mercury from gas streams was demonstrated by passing a mercury-
containing gas stream (mercury concentration 20-30 mg/m®, flow-rate 60 ml/min.)
5 through a pipe reactor (V4" ss tube of thickness 0.035”) containing 0.1 g, ca 0.2 cm® of
supported ionic liquid (bed length ca 1.2 cm). The mercury content at the reactor outlet
was measured periodically by withdrawing gas samples and analysing using a PSA Sir

Galahad mercury analyser. The detection limit for measurements was 2 pg/m°.

10 Results from tests with ionic liquids supported on activated carbon and porous silicas are
shown in Table 8 and graphically in Figure 2, compared to a comparative experiment
with a commercial sulfur-impregnated activated carbon, and demonstrate that all four
supported ionic liquids were more effective than the commercial sulfur-impregnated
activated carbon at removing mercury.

15
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CLAIMS

1. A process for the removal of mercury from a mercury-containing hydrocarbon

fluid feed, the process comprising the steps of:

(i) contacting the mercury-containing hydrocarbon fluid feed with an ionic

liquid having the formula:
[Cat'][M*][X]
wherein: [Cat™] represents one or more organic cationic species,

[M*] represents one or more metal cations selected from
transition metal cations having an oxidation state of +2 or

greater,
[X'] represents one or more anionic species; and

(ii) separating from the ionic liquid a hydrocarbon fluid product having a
reduced mercury content compared to the mercury-containing fluid
feed.

2. A process according to Claim 1, wherein [M*] represents one or more metal
cations having an oxidation state of at least +2 selected from first row

transition metal cations and molybdenum cations.

3. A process according to Claim 2, wherein [M*] represents one or more metal
cations having an oxidation state of at least +2 selected from iron cations,

copper cations, molybdenum cations and cobalt cations

4. A process according to Claim 3, wherein [M*] represents one or more metal

cations selected from Fe®*, Cu?*, Mo®*, and Co?".
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5. A process according to Claim 4, wherein [M*] represents Fe®".

6. A process according to Claim 4, wherein [M*] represents Cu?".

7. A process according to any one of the preceding claims, wherein the mercury
concentration in the mercury-containing hydrocarbon fluid feed is in the range

of from 1 to 250,000 parts per billion.

8. A process according to any one of the preceding claims, wherein the
hydrocarbon fluid feed comprises at least one of elemental mercury,

particulate mercury, or organic mercury.

9. A process according to any one of the preceding claims, wherein the mercury-
containing hydrocarbon fluid feed is a liquid.

10.A process according to Claim 9, wherein the mercury-containing hydrocarbon

fluid feed comprises one or more of:
(i) a liquefied natural gas;

(i) a light distillate comprising liquid petroleum gas, gasoline, and/or
naphtha;

(iii)  a natural gas condensate;
(iv)  a middle distillate comprising kerosene and/or diesel;
(V) a heavy distillate; and

(vi)  acrude oil.
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11.A process according any one of Claims 1 to 8, wherein the mercury-

containing hydrocarbon fluid feed is a gas.

12. A process according to Claim 11, wherein the mercury-containing
hydrocarbon fluid feed comprises natural gas and/or refinery gas.

13.A process according to any one of the preceding claims, wherein [Cat']
comprises a cationic species selected from the group consisting of:

ammonium, benzimidazolium, benzofuranium, benzothiophenium,
benzotriazolium, borolium, cinnolinium, diazabicyclodecenium,
diazabicyclononenium, 1,4-diazabicyclo-[2.2.2]octanium, diazabicyclo-

undecenium, dithiazolium, furanium, guanidinium, imidazolium, indazolium,
indolinium, indolium, morpholinium, oxaborolium, oxaphospholium, oxazinium,
oxazolium, iso-oxazolium, oxothiazolium, phospholium, phosphonium,
phthalazinium, piperazinium, piperidinium, pyranium, pyrazinium, pyrazolium,
pyridazinium, pyridinium, pyrimidinium, pyrrolidinium, pyrrolium,
quinazolinium, quinolinium, iso-quinolinium, quinoxalinium, quinuclidinium,
selenazolium, sulfonium, tetrazolium, thiadiazolium, iso-thiadiazolium,
thiazinium, thiazolium, iso-thiazolium, thiophenium, thiuronium, triazinium,

triazolium, iso-triazolium, and uronium.

14. A process according to Claim 13, wherein [Cat’] comprises a cationic species

selected from the group consisting of:
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wherein: R?, R® R° RY R° R'and R? are each independently selected
from hydrogen, a C; to Cy, straight chain or branched alkyl group, a Cs to Cg
cycloalkyl group, or a Cg to C1o aryl group, or any two of R®, R®, R%, R® and R'
attached to adjacent carbon atoms form a methylene chain -(CHy)4- wherein g
is from 3 to 6; and wherein said alkyl, cycloalkyl or aryl groups or said
methylene chain are unsubstituted or may be substituted by one to three
groups selected from: C; to Cg alkoxy, C, to Cq» alkoxyalkoxy, Cs to Cg
cycloalkyl, Cg to Cqg aryl, C; to Cqo alkaryl, C7 to C4o aralkyl, -CN, -OH, -SH,
-NO,, -COzR*, -OC(O)R*, -C(O)R*, -C(S)R*, -CS,R*, -SC(S)R*, -S(0)(C; to
Ce)alkyl, -S(O)O(C1 to Ceg)alkyl, -OS(O)(Cq1 to Cg)alkyl, -S(C1 to Ce)alkyl,
-S-S(Cy1 to GCe alkyl), -NR*C(O)NR'R? -NR*C(O)OR’, -OC(O)NR’R?
-NR*C(S)ORY, -OC(S)NRR?, -NR*C(S)SR’, -SC(S)NR'R*, -NR*C(S)NR’R?,
-C(O)NRYR?, -C(S)NRYR?, -NRYR?, or a heterocyclic group, wherein R*, RY and

R* are independently selected from hydrogen or C; to Cg alkyl.

15.A process according to according to Claim 14, wherein [Cat’] comprises a
cationic species selected from:

RS /Rg
/ N
RbI )\Rd ’

R?

wherein: R? R° R° RY R® R and RY are as defined in Claim 14.

16.A process according to according to Claim 15, wherein [Cat’] comprises a
cationic species selected from:



wherein: R? and RY are as defined in Claim 14.

17.A process according to Claim 13, wherein [Cat’] is selected from the group
consisting of:

IN(R*)(R)(R)(R)I*, [P(RY)(R®)(R°)(R°)]*, and [S(R?)(R®)(R)I",

wherein: R? R® R and R® are each independently selected from a C; to
Coo, straight chain or branched alkyl group, a Cs to Cg cycloalkyl group, or a
Cs to Cqo aryl group; and wherein said alkyl, cycloalkyl or aryl groups are
unsubstituted or may be substituted by one to three groups selected from: C;
to Cg alkoxy, C, to Cy2 alkoxyalkoxy, Cs to Cg cycloalkyl, Cs to Cqg aryl, C7 to
Cio alkaryl, C; to Cio aralkyl, -CN, -OH, -SH, -NO,, -CO.R*, -OC(O)R”,
-C(O)R*, -C(S)R*, -CS2R*, -SC(S)R*, -S(0O)(C+ to Ce)alkyl, -S(O)O(C+ to
Ce)alkyl, -OS(0)(Cs to Cg)alkyl, -S(Cq1 to Cg)alkyl, -S-S(C4 to Cg alkyl),
-NR*C(O)NRYR?, -NR*C(O)ORY, -OC(O)NR'R?, -NR*C(S)OR’, -OC(S)NR'R?,
-NR*C(S)SR’, -SC(S)NR’R?, -NR*C(S)NR'R?, -C(O)NR’R?, -C(S)NR'R?,
-NRYR?, or a heterocyclic group, wherein R*, R and R* are independently
selected from hydrogen or C; to Cs alkyl, and wherein one of R?, R®, R®, and
R?may also be hydrogen.

18.A process according to Claim 13, wherein [Cat’] is selected from the group
consisting of:
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+ + +
NReRf OR® SRe
T
RaREN NRCRd RaRPN NRCRd RaRbN NRCRY
wherein: R2, RP, R®, RY, R®, and R are as defined in Claim 14.

19.A process according to any one of the preceding claims, wherein [X]
comprises an anion selected from halides, perhalides, pseudohalides,
sulphates, sulphites, sulfonates, sulfonimides, phosphates, phosphites,
phosphonates, methides, borates, carboxylates, azolates, carbonates,
carbamates, thiophosphates, thiocarboxylates, thiocarbamates,
thiocarbonates, xanthates, thiosulfonates, thiosulfates, nitrate, nitrite,

perchlorate, halometallates, amino acids and borates.

20. A process according to Claim 19, wherein [X] comprises or consists of one or
more anions selected from [F], [CI], [Br], [T, [ls], [12Br], [IBr2], [Bra], [BroCJ,
[BrCl], [ICL], [12CI], [Cls], [Ns], [NCS], [NCSe], [NCOJ, [CN], [HSO.],
[SO4?, [R?0S00], [HSOs], [SOs]*, [R?0SO,], [R'SO-0], [(R'SO.)2NT,
[HoPO4], [HPOLZ, [PO4®, [RPOPOsJ%, [(R?0):PO.], [H2POs], [HPOs)?,
[R?OPO.J*, [(R?0).POJ, [R'POsJ*, [R'P(O)(OR%O], [(R'SO.)CT,
[bisoxalatoborate], [bismalonatoborate], [R2CO,], [3,5-dinitro-1,2,4-triazolate],
[4-nitro-1,2,3-triazolate], [2,4-dinitroimidazolate], [4,5-dinitroimidazolate], [4,5-
dicyano-imidazolate], [4-nitroimidazolate], [tetrazolate], [R?OCS,], [R%NCS,J,
[R'CS.]’, [(R?0)2PS2], [RS(0)2S], [ROS(0)2S], [NOs] and [NO2J.

wherein: R' and R? are independently selected from the group consisting
of Ci-C1o alkyl, Cg aryl, C1-Cqo alkyl(Cg)aryl, and Cg aryl(Cs-
Cio)alkyl each of which may be substituted by one or more
groups selected from: fluoro, chloro, bromo, iodo, C; to Ceg
alkoxy, C. to C+2 alkoxyalkoxy, Cs to Cgcycloalkyl, Cg to Cig aryl,
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C; to Cqp alkaryl, C; to Cyo aralkyl, -CN, -OH, -SH, -NO,, -CO.
2R%, -OC(O)R*, -C(O)R*, -C(S)R*, -CS2R*, -SC(S)R*, -S(0)(C1 to
Ce)alkyl, -S(O)O(C+ to Cg)alkyl, -OS(0)(C+ to Ceg)alkyl, -S(C4 to
Ce)alkyl, -S-S(C¢ to Ce alkyl), -NR*C(O)NR'R?, -NR*C(O)OR’,
-OC(O)NRYR?, -NR*C(S)OR’, -OC(S)NR'R? -NR*C(S)SR’,
-SC(S)NRR?, -NR*C(S)NR'R?, -C(O)NR'R? -C(S)NR'R?,
-NRYR?, or a heterocyclic group, wherein R*, R¥ and R* are
independently selected from hydrogen or C; to Ce alkyl, and

wherein R' may also be fluorine, chlorine, bromine or iodine.

21.A process according to Claim 20, wherein [X] comprises or consists of one or
more anions selected from [F], [CI], [Br], [IT, [Ns], [NCS], [NCSe], [NCOJ,
[CN], [SO4*, [R*0S0:0], [HSOs], [SOs*, [R?0SO.], [R'S0.0T,
[(R'SO2)NJ, [PO4*, [R?OPOs)*, [(R?0):PO.], [HPOs*, [R*OPO.)?,
[(R?0).POJ, [R'POs*, [R'P(O)(OR?OJ, [(R'SO.)sC], [bisoxalatoborate],
[bismalonatoborate], [R?CO.|, [3,5-dinitro-1,2,4-triazolate], [4-nitro-1,2,3-
triazolate], [2,4-dinitroimidazolate], [4,5-dinitroimidazolate], [4,5-dicyano-
imidazolate], [4-nitroimidazolate], [tetrazolate], [R?OCS,], [R%NCS,], [R'CS2]
, [(R?0)2PS2], [RS(0)2S], [ROS(0)2S], [NOs] and [NO,J, wherein R' and R?
are as defined in Claim 20.

22. A process according to Claim 21, wherein [X] comprises or consists of one or
more anions selected from: [F], [CI], [Br], [I], [Ns], [NCS], [NCSe], [NCOJ,
[CN], [R?CO.], and [SO4]*, wherein R? is as defined in Claim 20.

23. A process according to Claim 22, wherein [X] comprises or consists of one or
more anions selected from: [F], [CI]’, [Br], and [I] .

24. A process according to Claim 22, wherein [X] comprises or consists of one or
more anions selected from: [N3]’, [NCS], [NCSe], [NCOJ, and [CN].
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25. A process according to Claim 22, wherein [X] comprises or consists of one or
more anions selected from: [HCO,], [MeCO,], [EtCO,], [CH2(OH)CO,J,
[CH3CH(OH)CH2CO,], and [PhCO;]".

26.A process according to Claim 22, wherein [X] comprises or consists of [SO4]*

27.A process according to any one of the preceding claims, wherein the molar
ratio of [Cat'] and [M*] in the ionic liquid is in the range of from 10:1 to 1:2.

28.A process according to Claim 27, wherein the molar ratio of [Cat*] and [M'] in
the ionic liquid is in the range of from 2:1 to 1:1.

29.A process according to any one of the preceding claims, wherein the ionic
liquid is prepared by adding a salt of the metal cation [M*] to an ionic liquid
having the formula [Cat*][X], wherein [Cat’] and [X] are as defined in Claim 1.

30. A process according to Claim 29, wherein the salt comprises a halide anion.

31.A process according to Claim 30, wherein the salt is selected from FeCls,
FeBrs, CuCl,, and CuBr».

32.A process according to any one of the preceding claims, wherein the metal
cation [M*] is combined with one or more ligands to form a coordination

complex.
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33. A process according to Claim 32, wherein the coordination complex has the

formula:

[(M)a(L)m] ™™

wherein: each M* independently represents a metal ion [M*] as defined

in any one of Claims 1 to 6, having a charge of x+;

each L independently represents a ligand having a charge of y-
nis1,2or3;

mis2,3,4,5,6,7or8;

xis 2,3, 4,5 or 6; and

yis0,1,2o0r3.

34.A process according to Claim 33, wherein each L' is an anionic species
independently selected from [X] as defined in any one of Claims 19 to 26, [0*
] and [S?].

35.A process according to Claim 34, wherein each L’ is an anionic species
independently selected from halide anions, perhalide ions, carboxylate

anions, [0%] and [S?].

36.A process according to Claim 35, wherein each L’ is an anionic species
independently selected from [F], [CI], [Br], [I]', [Ns], [NCS], [NCSe], [NCOJ,
[CNTJ, [R?CO,J, wherein R? is as defined above, [0?] and [S?].
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37.A process according to any one of Claims 33 to 36, wherein [(M**)n(LY)p] ™™

represents a metallate anion.

38. A process according to Claim 37, wherein the metallate anion is selected from
[FeCly]', [CuCls]?, [CusCls]* and [MoS4J?.

39.A process according to any one of the preceding claims, wherein the ionic
liquid has a melting point of 250 °C or less.

40.A process according to Claim 39, wherein the ionic liquid has a melting point
of 30 °C or less.

41.A process according to any one of the preceding claims, wherein the ionic
liquid is immiscible with the mercury-containing hydrocarbon fluid feed and the
hydrocarbon fluid product.

42.A process according to any one of the preceding claims, wherein the ionic
liquid is immobilised on a solid support material.

43. A process for the removal of mercury from a mercury-containing hydrocarbon
fluid feed, the process comprising the steps of:

(i) contacting the mercury-containing hydrocarbon fluid feed with an ionic
liquid immobilised on a solid support material, where the ionic liquid
has the formula:

[Cat'][M"][X]
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wherein: [Cat™] represents one or more organic cationic species,

[M*] represents one or more metal cations selected from
transition metal cations having an oxidation state of +2 or

greater.

[X'] represents one or more anionic species;

(ii) separating from the ionic liquid a hydrocarbon fluid product having a
reduced mercury content compared to the mercury-containing fluid
feed.

44 A process according to Claim 43, wherein the ionic liquid is as defined in any
one of Claims 2 to 6 and 13 to 40.

45. A process according to any one of Claims 42 to 44, wherein the solid support
material comprises or consists of a porous support material having a BET

surface area of from 10 m?-g™' to 3000 m?-g".

46.A process according to any one of Claims 42 to 45, wherein the solid support
material comprises or consists of a porous support material having a BET
surface area of from 100 m?g™” to 1000 m%g".

47.A process according to Claim 45 or Claim 46, wherein the solid support
material comprises or consists of a porous support material having a BET
surface area of from 100 to 300 m? g™

48.A process according to any one of Claims 42 to 47, wherein the solid support
material is in the form of pellets, granules or beads having a mass mean

diameter in the range of from 0.1 to 100 mm.
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49. A process according to any one of Claims 42 to 48, wherein the solid support

material is selected from silica, alumina, silica-alumina, and activated carbon.

50. A process according to Claim 49, wherein the solid support material is silica.

51.A process according to Claim 49, wherein the solid support material is
activated carbon.

52.A process according to any one of Claims 42 to 51, wherein from 1 to 50 wt%
of ionic liquid is immobilised on the solid support material, based on the total
weight of ionic liquid and solid support material.

53.A process according to any one of the preceding claims, wherein the ionic
liquid and the mercury-containing hydrocarbon fluid feed are contacted in a
volume ratio of from 1:1 to 1:10,000.

54.A process according to any one of the preceding claims, wherein 1 to 10,000
moles of ionic liquid are contacted with the mercury-containing hydrocarbon
fluid feed per mole of the mercury in the mercury-containing hydrocarbon fluid
feed.

55.A process according to any one of the preceding claims, wherein the ionic
liquid is contacted with the mercury-containing hydrocarbon fluid feed at a
temperature of from 0 °C to 250 °C.
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56.A process according to any one of the preceding claims, wherein the ionic
liquid is contacted with the mercury-containing hydrocarbon fluid feed at
atmospheric pressure.

57.A process according to any one of the preceding claims, wherein the mercury-
containing hydrocarbon feed and the ionic liquid are contacted for a period of

from 0.1 minute to 5 hours.

58.A process according to any one of the preceding claims, wherein the
hydrocarbon fluid product contains less than 40 wt% of the mercury content of

the mercury-containing hydrocarbon fluid feed.

59.A process according to Claim 58, wherein the hydrocarbon fluid product
contains less than 5 wt% of the mercury content of the mercury-containing
hydrocarbon fluid feed.

60.A process according to anyone of the preceding claims, wherein the
hydrocarbon fluid product contains less than 50 ppb mercury.

61.A process according to Claim 60, wherein the hydrocarbon fluid product
contains less than 1 ppb mercury.

62.Use of an ionic liquid as defined in any one of Claims 1 to 6 and 13 to 42 for

the removal of mercury from a mercury-containing hydrocarbon fluid.
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63.Use of an ionic liquid immobilised on a solid support material as defined in
any one of Claims 43 to 52 for the removal of mercury from a mercury-
containing hydrocarbon fluid.



